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LETTER OF TRANSMITTAL 


Tue Lisprary or CoNnGREss, 
LEGISLATIVE REFERENCE SERVICE, 
Washington, D.C., February 16, 1960. 
Hon. Lynpon B. JoHNson, 


Chairman, Senate Committee on Aeronautical and Space Sciences, 
U.S. Senate, Washington, D.C. 


Dear Senator Jonnson: This report on radio frequency control 
in relation to space telecommunication and research was prepared at 
your request for the use of the Senate Committee on Aeronautical and 
Space Sciences, and is forwarded herewith. The subject has been 
developed from the point of view of public policy rather than of radio 
technology; in terms both of background studies and of analysis, it is 
focused on current interests and activities of the committee. 

Explanatory notes are first provided on the critical role that radio 
communication now plays in the exploration of outer space for track- 
ing, for telemetering of scientific data, and for remote guidance; there 
next follows a discussion of the growing significance of international 
administrative control over the radio spectrum as the only practicable 
means of preventing harmful interference. 

Major attention is then directed to the unprecedented agreements 
on space telecommunication negotiated by the U.S. delegation to the 
Geneva Radio Conference recently held under auspices of the Inter- 
national Telecommunication Union. A compact table is thus pro- 
vided of those radio channels specifically earmarked for Earth-space 
transmissions, and for the protection of radio astronomy observations 
to permit reception of feeble signals from extraterrestrial sources. 
Following protocol concerned with international radio regulations, 
these allocations will be included in a multilateral treaty that will soon 
be submitted by the President for ratification by the U.S. Senate. 

The fact that space telecommunication is being dealt with by treaty 
is strong evidence of the emerging application of outer space for peace- 
ful purposes and of the global nalts hota to on radio transmissions, 
which collectively contribute to the objective of cooperation by the 
United States with other nations and groups of nations pursuant to 
the National Aeronautics and Space Act of 1958. 

Additional implications are noted in the report of intensified de- 
mands of space research on the radio spectrum that will further 
aggravate the already scarce supply of frequencies, and thus bring 
into focus current procedures of domestic allocation and problems of 
radio spectrum conservation. Lastly, a number of additional topics 
are suggested for more detailed study, including the problem of radio 
zoning by State-Federal authorities to provide more positive assur- 
ances of interference-free radio environment for unhindered func- 
tioning of space vehicles. 
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For reference purposes, the report includes a digest of the technical 
considerations involved in spectrum demands for space communica- 
tion and for radio astronomy research, a description of the inter- 
national machinery and domestic statutory authority for frequency 
assignment, and a discussion of the complex relationships that appear 
between the various scientific, technological, economic and political 
factors in space telecommunications generally. 

The report was prepared by Dr. Edward Wenk, Jr., senior specialist 
in science and technology, Legislative Reference Service. 

Sincerely yours, 


Hvueu L. Exvssres, Director. 
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RADIO FREQUENCY CONTROL IN SPACE 
TELECOMMUNICATIONS 


By Edward Wenk, Jr., Senior Specialist in Science and Technology 
Il. SUMMARY 


The dramatic success of Pioneer V in transmitting new scientific 
data from interplanetary space has helped to emphasize the importance 
of radio communication for space exploration. (See table 2, p. 43, 
and app. H, p. 224.) 

Successful scientific exploration of outer space and application of 
the results for both peaceful and military purposes depends critically 
upon reliable and uncluttered radio communications between vehicles 
in space and ground stations. Similarly, the study of feeble radio 
signals from unknown extraterrestrial sources, which some day may 
permit allweather navigation as men now steer by the stars, requires 
complete freedom from radio interference. Without such control 
over users of the radio frequency spectrum, there is serious risk that 
vital data from difficult and costly experiments will be lost, or even 
worse, the lives of human space passengers. Jamming of radio signals 
which could deflect satellites from their course is an every-present 
danger at launching or during reentry, so that inadequate control of 
radio transmissions also represents a clear hazard to life and property 
of the general public. 

Precautions against such accidents lie primarily in the reservation 
of radio channels specifically for space telecommunications. Yet, out 
of what at first glance appears to be a wide selection of frequencies, 
ranging from 10 kilocycles to 40,000 megacycles per second, only cer- 
tain bands of frequencies are suited to space use. Many of these 
portions of the spectrum are already occupied by assignment to other 
types of radio services. Also, new assignments are not readily made 
inasmuch as the width of radio spectrum presented by the current level 
of radio technology is finite. As a consequence, the spectrum must be 
conserved and managed in a fashion analogous to the control of other 
more familiar natural resources in order that the limited number of 
channels be effectively utilized. The control of frequencies for space 
use is complicated further, however, because orbiting satellites con- 
tinuously cross international boundaries; the provision of clear chan- 
nels thus implies global administration that transcends jurisdictions 
of purely local regulatory authorities, 

Sicnifcant agreement on space telecommunications was achieved 
very recently based on proposals submitted by the United States to 
the Administrative Radio Conference of the International Telecom- 
munication Union (ITU) which met at Geneva from August through 
December 1959. This organization, since 1947 a specialized agency 
of the United Nations, has a long history of providing the machinery 
for negotiating international regulations of all forms of communica- 
tions. As a matter of procedure, agreements reached by the 101 
states-members at ITU sessions are subject to subsequent ratification 
by multilateral treaties between the members. 

Following precedent of worldwide frequency allocations for the 
more orthodox forms of radio communications, the ITU at Geneva 
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earmarked 12 frequency bands for Earth-space service, although all on 
a shared basis and limited to research purposes, and one frequency 
band exclusively for radio astronomy observations. Other bands for 
radio astronomy were given a lower priority status, looking to the 
future when this status could be raised to that of official allocation, 
compatible with orderly displacement of current occupants of the 
spectrum. Early review of these decisions is afforded through an 
Extraordinary Administrative Radio Conference proposed by the 
ITU for 1963. 

In the absence of such allocations, prior to Geneva, frequencies 
employed in space experiments by the United States and the Soviet 
Union had been chosen provisionally and more or less arbitrarily. In 
June 1959, the United Nations, through a report of the Ad Hoc Com- 
mittee on the Peaceful Uses of Outer Space, noted this deficiency and 
the possible chaos and anarchy on the airwaves that could develop 
from continued absence of agreement. The report then took cogni- 
zance of the imminent session of the ITU as the most propitious and 
appropriate occasion to forge prompt international agreement. 
Similar recommendations for both study and specific courses of action 
were advanced by interested scientists through the Committee on 
Space Research (COSPAR) which sprouted from the Committee for 
the International Geophysical Year dGy), by the International Astro- 
nomical Union, the American Rocket Society, and others. It is with 
this background of interest that the U.S. delegation entered the Geneva 
Radio Conference and negotiated an unprecedented set of proposals 
for the allocation of bands of frequencies for space telecommunications. 

This report sets forth a summary of these proposals. Also given 
is a digest of the functions of spacecraft ar dependency of their 
functions on radio, the technical basis for nomination of specific bands 
of frequencies for space communication and for radio astronomy, a 
description of the Insecnntichal Telecommunication Union ‘ow | its 
operations, and of other official and nonofficial bodies interested in 
space telecommunications. Some details are given of the mechanism 
of international frequency allocations and the subsequent domestic 
assignment of frequencies by the Federal Communications Commis- 
sion and the Interdepartment Radio Advisory Committee, which 
reports to the Office of Civil and Defense Mobilization, for non-Federal 
and Federal users, respectively. Finally, the actions at Geneva are 
discussed in the perspective of the National Aeronautics and Space 
Act of 1958, vis-a-vis the role of the United States in displaying leader- 
ship in international cooperative arrangements to insure peaceful uses 
of outer space, and the pattern of a case-by-case development of a body 
of space law, for which the impending treaty with 101 nations including 
the Soviet Union represents an important first step. 

The report concludes by noting the following areas for study and 
the issues confronting the Congress: (1) Analysis of the agreements 
reached at Geneva with relationship to the National Aeronautics 
and Space Act of 1958, in particular to determine if the promise of 
peaceful applications of outer space through such developments as 
communications satellites will be fostered by the proposed frequency 
assignments; (2) consideration of the treaty embracing amendments 
to current international radio regulations which can be expected to 
be submitted by the President for ratification by the Senate; (3) study 
of the implications with regard to space research presented by the 











RADIO FREQUENCY CONTROL 3 


existing duality of authority over domestic frequency allocations; 
and (4) evaluation of the urgency and methods of positive control 
over radio transmissions to prevent radio interference that could 
produce serious malfunction of satellites with possible loss of life or 
property, and the State-Federal relationships implicit in radio zoning. 


II. Purrose anp Scope or Stupy 


The U.S. Congress in the Space Act of 1958 indicated its intent that 
this country assume leadership in international cooperative arrange- 
ments to insure peaceful uses of outer space. Moreover, in view of 
the swiftly changing developments in both scientific and political 
affairs, the Congress has expressed its desire to keep continuously 
informed on all aspects of legislation and policy wherein this country’s 
role may be positively asserted. 

As one phase of its inquiry into the manner in which this new legis- 
lation has been implemented, the Senate Committee on Aeronautical 
and Space Sciences requested that a background study be made of the 
recent international meetings, actions, and agreements concerning 
radio frequency control in the unprecedented relationship of tele- 
communications with and between vehicles in outer space. 

The scope of this study is intended to cover the following: 

(1) Identification of the technical problems and techniques 
of administrative control concerned with radio frequency alloca- 
tion in general, and special considerations of frequency nomination 
for space use; 

(2) a review of interests, responsibilities, and organization of 
international and domestic bodies concerned with channel allo- 
cation, particularly in relation to space activities; 

(3) a digest of international agreements reached at the Admin- 
istrative Radio Conference of the International Telecommunica- 
tion Union which concluded its meetings in Geneva during 
December 1959, especially considering their status as background 
to new treaty obligations; 

(4) review of peacetime applications of space craft and impli- 
cations concerning space communications; 

(5) an interpretation of space telecommunications as one step 
toward formulation of a code of space law, and of the posture of 
the United States insofar as new relationships are emerging of 
scientific achievement, international scientific organizations and 
US. policy. ‘ : 

The subject is developed as follows: After sketching the immediate 
functions of artificial satellites, success of space missions is shown to 
be critically dependent upon radio transmissions and on freedom from 
harmful interference. Problems are identified of the need for un- 
shared channels for space telecommunications, for identification signals 
and satellite registration, and for automatic cutoff of transmitters. 
Background is developed concerning the basic technical principles 
which underlie systems of communication utilizing electromagnetic 
radiation, and hence frequency selection for space use, The adminis- 
trative processes presently used to assign frequencies are then 
described, with special attention devoted to the role of the Interna- 
tional Telecommunication Union (ITU) in establishing international 
agreements which become provisions for multilateral treaties pre- 
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sented for ratification in each participating country. Details are also 
developed of other international bodies that have expressed interest 
in the particulars of space telecommunication, such as the United 
Nations Ad Hoc Committee on the Peaceful Uses of Outer Space and 
the recently formed Permanent Committee on the Peaceful Uses of 
Outer Space, the Committee on Space Research, and the International 
Astronomical Union. 

Additional details are also provided of the statutory basis and 
mechanism within the United States by which frequencies are as- 
signed for domestic stations within the framework of treaty obligations 
as between Federal use (which is the responsibility of the Office of 
Civil and Defense Mobilization, OCDM, through an Interdepartment 
Radio Advisory Committee) and non-Fedeéral use (licensed by the 
Federal Communications Commission, FCC). Implications are 
briefly noted concerning the significance of space exploration in 
consideration of present and proposed divisions of authority between 
the OCDM and the FCC. 

There then follows a digest of the present frequency demands of 
space telecommunications, and the proposals for reservation of par- 
ticular sectors of the spectrum submitted by study groups of the ITU, 
by representatives of the scientists concerned with space research, 
and officially by the U.S. delegation to the Administrative Radio 
Conference convened by the ITU in Geneva from August 17 through 
December 21, 1959. The technical rationale for these frequency 
nominations is also provided. 

In this connection, a distinction is drawn between frequencies to 
be set aside for space communication and research, and frequencies 
for radio astronomy. In the first instance, the selection can be some- 
what arbitrary in that transmitters can be selectively tuned to what- 
ever wavelength is assigned. In contrast to this flexibility in alloca- 
tion, however, it is shown that extraterrestrial emissions are at fre- 
quencies completely outside of control of man, so that reception can 
be assured only if those corresponding parts of the spectrum are explic- 
itly protected from interference. In view of the unprecedented con- 
siderations for such spectrum allocation, additional background ex- 
planation is provided of the nature of extraterrestrial sources of radio 
signals, methods, and apparatus utilized in radio astronomy observa- 
tion. 

Although the final version of amendments to the radio regulations 
recently adopted in Geneva was not published at this writing, advanced 
copies were available from which the provisions concerned with 
EKarth-space telecommunications have been extracted and quoted in 
this report. These decisions are also compared with the frequency 
proposals discussed earlier. 

Finally, the broader implications of space telecommunications are 
developed as an element of the U.S. role in world space affairs, based 
on intent by the Congress that the U.S. take leadership in matters 
concerning international agreement on space exploration. Reference 
is made to the specific interrelationships of science and diplomacy 
represented by this example of space telecommunications, and to the 
place of these Geneva decisions as a positive first step in formulating a 
code of space law to govern the affairs of all those countries which now 
or will in the future project their national sovereignty, ambitions, and 
ideals into the new dimensions of outer space. 
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Space telecommunications, in terms of public policy, embraces 
an unusually large number of collateral subjects, all deserving of 
detailed amplification. Considering, however, that this report is 
intended as a background survey only, no attempt has been made to 
treat all aspects in fine detail. Nevertheless, around the core of ITU 
decisions on space telecommunications made at Geneva, extracts of 
related material have been included for convenience and interpretation 
of the reader. Each section has been prepared for independent 
reference, with notation of sources and a selected bibliography for 
more extensive study, if desired. 


LIL. DepenpEeNcy or Space Expioration ON Rapio CoMMUNICATION 


Spacecraft are usually thought of as comprising a system of struc- 
ture, fuel, engine, guidance, control units, and payload. A less obvious 
f actor, implic it in the success of all space missions, whether for research, 
or for military or peaceful application, is maintenance of clear, effec- 
tive, and reliable radio communication between the vehicle and ground 
stations during the entire operation. In fact, integrity of radio com- 
munication is as vital to the suecess of an experiment as is the per- 
formanee of the launch vehicle itself, or for that matter, of any other 
element. To be more specific, the tracking of satellites and space 
probes is largely accomplished by radio techniques; transmissions 
from the satellites form the most practicable means for scientists to 
collect data on an experiment in progress or as a means by which the 
orbiting vehicle can be given command to perform special missions. 
It may not be realized, however, that protection of such signals from 
interference by either terre estrial transmissions or by sources in space 
is a matter of life or death in space research, and that some day it 
could literally be a matter of life or death to human space passengers. 

Measurements from space vehicles in flight include acceleration, 
skin temperature, local vibration, engine characteristics, rate of fuel 
consumption, and many others. From analysis of data recorded on 
the ground, down range, important clues are obtained on engineering 
performance that can be used when designing the next generation of 
launching vehicles or payloads. 

Scientific observations already telemetered to Earth include studies 
of the atmospheres of the Earth, Sun, and Moon; the electric, magnetic, 
and gravitational fields around the Earth and throughout space; 
presence of diluted gases, meteoritie dust, and electrified particles; 
details of the external form and composition of the Earth and celestial 
bodies. Needless to say, it is premature to predict all possible uses, 
of which the foregoing are merely current examples; but apart from 
these purely scientific missions, satellites are sure to be deployed for 
practical use in weather forecasting, as components in long-range 
radio communication, in mapping and navigation, and finally for 
space. travel itself. 

As an example regarding meteorological observations, satellites 
circulating in continuous orbits could take a downward look at cloud 
formations everywhere on the surface of the Earth, and other sound- 
ings over inaccessible regions such as the oceans and. Aretic. Using 
radar techniques, cloud heights, strata, the existence of precipitation 
under clouds and the presence of loe al thunderstorms could all be 
detected. Thus, by forming a synoptic record of weather activity, 
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the birth, trajectory, and dissipation of storms could be identified, 
and on command be transmitted to any number of ground stations. 

In the matter of communications, it is known that the present 
capacity of transatlantic cables is severely taxed, and will be saturated 
by 1962, and with the precipitous rise in worldwide communications, 
new cables now programed will not suffice. Even now, transoceanic 
cable traffic has become heavily superseded by long-distance radio. 
Such wireless transmission, however, depends on the presence of re- 
flecting characteristics of the ionosphere so as to overcome the obstacle 
presented by the curvature of the Earth, and these layers are not 
effective at all frequencies; they display diurnal variations, and are 
seriously disturbed by sunspot activity and polar auroras. More 
dependable communication could be obtained with satellites serving 
either as passive reflectors or, more likely, as active repeaters. 

For mapping and navigation, geodetic satellites offer to either fixed 
or moving observers on the Earth’s surface the promise of finding their 
location at any time to within about 100 feet. Such devices may thus 
be used somewhat as a navigator takes star or LORAN sights for 
determining position, or as a datum when charting inaccessible regions 
of the world. 

Thus, within only a few years, literally hundreds of space vehicles 
will most certainly be launched, each with its peculiar demand for 
radio communication. With the apparently unlimited breadth of the 
radio frequency spectrum, it would appear at first glance that an 
exceedingly large number of transmitters could operate side by side 
in the spectrum without interference. The facts, however, indicate 
that this is by no means so. 

Wherein lies the problem? In the first instance, much of this band 
is already allocated to other uses and the practical problems of massive 
reallocation render this course of action unacceptable. Next, not all 
of the remaining unsaturated frequencies are suitable for space com- 
munication. That is, by virtue of the low power and small size of 
antenna, of the propagation characteristics of the upper atmosphere 
and other technical factors, only certain of the frequencies can be 
effectively utilized for space. 

Furthermore, when tuning a radio receiver to scan any of the several 
shortwave bands, one hears superposed on coherent domestic or foreign 
broadcasts of voice or music, aan language or enciphered Morse edds, 
and standard frequency melodies, a cacophony of distorted, garbled 
whistles, squeals, and other a noise that represent what 
may be collectively labeled “‘interference.”” While some of this extra- 
neous noise simply represents a nuisance, the listener is sure to per- 
ceive the critical problem of “reading’’ intelligible messages from 
transmissions whenever the signals are at all weak: 

The question, which until recently has been unresolved, is how to 
reserve certain of these especially nominated channels for Earth- 
space use such that integrity of space communication could be guar- 
anteed to be as free of interference as is possible. 

Although appearing somewhat at random, all emissions of terrestrial 
origin are effected at explicit points on the dial on the basis of technical 
considerations, within bands allocated oy ean agreement, and 
subject to treaty obligations within this framework. Explicit fre- 
quencies are assigned Seensatinalltr in accordance with statutory au- 


thority of the Communications Act of 1934. The bands into which 
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the spectrum has been divided represent such radio services as broad- 
casting, mobile communication units, point-to-point, amateurs, and 
air or maritime navigation beacons or aids. Until December 1959, 
however, no specific allocation was made for Earth-space or space- 
space service. 

In this matter of space telecommunications, spectrum requirements 
have been phrased in four categories: 

(1) Transmissions between Earth and space——These involve com- 
munication through the layers of the Earth’s upper atmosphere which 
are known to be frequency selective. Selection must thus be made 
of frequencies which allow signals to pass through what has been 
termed a ‘‘spectrum window” in a straight line trajectory between the 
spacecraft and ground. 

(2) Transmissions for research on propagation.—Such studies are 
possible since emissions at some frequencies are refracted when passing 
through the atmosphere. Hence, an unparalleled opportunity exists 
for study of the nature of these regions teases by propagation at 
frequencies where this phenomenon occurs. 

(3) Bands for use in radio astronomy.—These frequencies must be 
absolutely protected from interference for the satisfactory reception 
of extremely feeble signals being continuously received from outer 
space. 

(4) Telecommunications between two or more space vehicles outside 
of the Earth’s atmosphere—Here, propagation characteristics approach 
properties of free space, and selection could be made of any number 
of frequencies which for terrestrial terminals might otherwise be 
affected by propagation characteristics of the upper atmosphere. 

Three separate technical problems are involyed—frequency alloca- 
tion, automatic cut-off, and satellite registration. The dimensions 
of this first problem of frequency allocation are, in one sense, without 
precedent. Previously, it was noted that the frequencies most suit- 
able for Earth-space communication follow line-of-sight transmission 

aths. For communication at the Earth’s surface, the ranges are 
imited to visual distances, although this could be slightly enhanced 
by the expedient of elevating the antenna. This aspect thus implies 
that by virtue of their geographic separation, radio stations in Kala- 
mazoo and Hoboken, for example, could share the same channel, free 
of interference. With the globe-girdling characteristic of space ve- 
hicles, a roving satellite can be within line of sight of every spot on 
Earth within just a few passes. Clearly, emissions thus lose their 
local character, and channel sharing becomes quite unfeasible. De- 
cisions voted at the Administrative Radio Conference of the Inter- 
national Telecommunication Union now establish a precedent for 
protecting space telecommunications. 

A second problem relates to automatic cutoff. Some satellites are 
even now engineered to transmit only on command from ground 
stations. By this means, batteries on the space vehicle can be con- 
served, the transmission can be kept secure from other ummntended 
receivers, and the airways can be freed for channel sharing on a time 
basis. Some of these vehicles are equipped with solar converters, 
however, which, in absorbing energy from the Sun, may power trans- 
mutters indefinitely. Unless cut off, either automatically or on com- 
mand from the ground, signals could be emitted long after useful data 
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had been accumulated. Scarce radio channels could thus be con- 
taminated for long intervals from effective use by others. 

A third problem in radio communication lies in positive identifica- 
tion of signals and registration of call letters. Otherwise, with 
hundreds of transmissions filling the airwaves, serious confusion is 
bound to arise, coupled with the hazard of erroneously identifying a 
new satellite in the projected mixture of military and peaceful space- 
craft that could inadvertently trigger a conflict. 

A number of national and international authorities have been alert 
to the present deficiencies of international agreement on space gen- 
erally, and on the matter of channel allocation specifically. Some 
with vigor and foresight, including the former president and general 
counsel of the American Rocket Society, Mr. Andrew G. Haley, 
have called for the immediate projection of law into the new dimen- 
tions of space. At the same time, it has been pointed out “that the 
rule of law is neither dependent upon, nor assured by, comprehensive 
codification and that premature codification might prejudice sub- 
sequent efforts to develop the law based on a more complete under- 
standing of the practical problems involved.”! This follows the 
thesis that the potential uses of space are still so recently defined, and 
the technical, political, and economic significance so newly conceived 
that any comprehensive code must avoid maxims of extreme gen- 
erality or an unworkable rigor that might unnecessarily inhibit an 
otherwise spirited growth. The sins of the forefathers could verily 
be visited upon the children. 

Consequently, some authorities have proposed a step-by-step ap- 
proach dealing with individual problem areas and, moreover, within 
this concept, have proposed the international management of radio 
channels for space use as the first of such cases wherein hospitable 
international environment is exercised as a precedent for other specific 
issues. Of all the problem areas, that of channel allocation appears 
fraught with the least technical difficulty. Moreover, by virtue of 
a long history of agreement in this field, and the existence of ample 
international machinery for negotiation, the extension to space be- 
comes a purely technical matter that could be free of the political 
entities which have hampered agreement heretofore. 


TV. TgecunicaL CoNnsIDERATIONS IN Rapio FREQUENCY SELECTION 
A. ELEMENTS OF A SYSTEM OF RADIO COMMUNICATION 


Although by no means intended as a primer on radio communica- 
tion, the following outline of basic principles is provided for the non- 
technical reader as background to the subsequent evaluation of radio 
spectrum management vis-a-vis space communication. For more 
details of radio techniques and theory, reference may be made to 
such texts as “Electronic and Radio Engineering” by Frederick E. 
Terman. 


1 Report of U.N. ad hoc Committee on the Peaceful Uses of Outer Space, Part TIIB(7). 
2 'Terman, Frederick E., ‘‘ Electronic and Radio Engineering,’”’ McGraw-Hill Book Co., 1959 edition. 
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Radio communication involves a wireless electrical circuit utilizin 
the radiation of energy in the form of electromagnetic waves. 
system for radio communication between two stations at whatever 
distance apart comprises three primary elements: (1) a controlled 
source of emission, or transmitter, including an antenna for radiation; 
(2) a receiver to intercept and convert the signals to intelligible form; 
and (3) the transfer mechanism by which the energy is propagated 
from the transmitter to the receiver. Fora particular communication 
service, specifications may be made of the available electrical power for 
emission, the practicable antenna size, portability of equipment, the 
distance between stations, and the “density” of information to be 
conveyed or speed of message transfer. Within these boundary 
conditions, selection of necessary radio apparatus and of the frequency 
for transmission then depends critically on an intricate interrelation- 
ship between all three elements; i.e., transmitter, receiver, and 
medium of energy propagation; of these, the matter of propagation 
characteristics is often the controlling factor. 

To begin with, light waves, X-rays, gamma rays and radio waves 
are all familiar forms of electromagnetic energy, and all follow the 
same natural laws. All display essential properties of frequency, 
velocity, intensity, direction of travel, and plane of polarization; the 
most significant characteristic distinguishing one from the other is 
frequency. The frequency of electromagnetic energy is the number of 
cycles per second that the intensity of signal varies when passing 
successively from what may be considered a positive to a negative 
phase, in the fashion of a geometric sine wave. The distance occupied 
by one complete cycle, that is the linear dimension in space from one 
positive peak to the next of a single electromagnetic wave in an entire 
wave train, is termed the wavelength. All radiation is considered to 
travel with the velocity of light, taken as roughly 186,000 miles per 
second in free space. <A relationship is thus established between 
frequency and wavelength as: 


W equals V/f 
where 
W is wavelength in metric or English system of length; 
meters or feet; * 
V is the velocity of light in compatible dimensions of length per 
second; i.e., meters per second, feet or miles per second; * 
fis cycles per second. 

When the frequency becomes quite large, the units commonly 
employed are kilocyeles (1000 cycles) megacycles (1 million cycles) 
and gigacycles‘ (1 billion cycles), all referred to the time interval 
of 1 second 

The classifications of radio waves and other familiar forms of elec- 
tromagnetic energy are set forth in table 1. 

3 In practical applications the English system of units is seldom used. 


4 The term ‘‘gigacycle’’ was recently introduced at Geneva, but will not be officially recognized until the 
Geneva agreements are in widespread use. 


e.; 


51548—60——2 
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TABLE 1.—Classifications in the electromagnetic spectrum 


Wavelength— 


Class of radiation Subclass Frequency range meters or Remarks 
centimeters 
Radio communica- | Very low fre- 10-30 ke/s........-..- 30,000-10,000 m_...| Long wave. 
tions. quency. 
0i68ss bide one Low frequency....| 30-300 ke/s._.....--- 10,000-1000 m_._... 
Bithies odecentemees Medium fre- 300-3000 ke/s.......- 1000-100 m_._......}| Ordinary broad- 
quency. casting. 
Baha ctr Lait High frequency...| 3-30 Mc/s.....------ 100-10 m_..-...-.- 
Der Ee Very high fre- 30-300 Me/s...-..--.- 1000-100 em. _...- FM, TV. 
quency. 
iinskcatatemeee Ultra-high fre- 300-3000 Me/s......- 100-10 cm........- 
quency. 
iain nalie nthe Super high fre- 3000-30,000 Me/s.._-- SO-3-080.. Sno chanss Radar. 
quency. 
DO. ¢te iva d-<pshi- Extremely high 30,000 Me/s_....---.- 1-10-71 em.....--..-- 
frequency. 300,000 Mc/s 
V ne EMRE nnnach sachin eunnidmennial 76X10-4 om te ‘eee 
Visible light.......... IE ice minnie vcscabeiiannspthiniiinenaiaiel 7.6X10-§ em__....- ; 
Oats ios). Warnes oebbe F202). 22 lc. raes oboe 3.8X10-*cm_.__... Visible light. 
Ultra violet_.........}...... ste dln alle hha dabitily tebe bbe beaded 10-8107? em_...--. 
Pen NONE oT DONO, «cas deocnacdsoonnnnabaniptungmieie 10-*-10-" em. ____- 
Matdkbacssecnshi Gamims.... nce se 10-*-10-"! em. ...- 
Diente raniaen de CO TOwE Ge. lk esetneiiededbes 10--10-8 cm__.._.. 
photons. 


From the point of view of communications, the radio spectrum is 
presently considered to cover the continuum of frequencies in the 
range of 10 kilocycles per second (ke/s) to 40,000 megacycles per 
second (Mc/s). By international agreement, discussed at. some length 
subsequently, the spectrum has been subdivided into numerous bands, 
each identified with a particular service or group of services such as 
fixed, mobile, amateur, air or maritime navigation beacons, standard- 
frequency, broadcasting, etc. Each service has been assigned a 
play of nonadjacent bands throughout the spectrum. Up until 

ecember 1959, however, no specific allocation has been made for 
Earth-to-space or space-to-space use. 

Dominating this situation is the bald fact that there is but one 
radio spectrum. As was pointed out in the treatise on ‘Radio 
Spectrum Conservation,” a report of the Joint Technical Advisory 
Committee (JTAC) of the Institute of Radio Engineers-Radio- 
Television Manufacturers Association:® it has become increasingly 
clear that the spectrum is public domain which must be conserved as 
carefully as if it were farmland, forest preserves, water power or 
mineral wealth. It might be added that this resource is extraordinary 
in that it is both uniformly distributed and widely prevalent, not just 
through the Earth, but throughout the entire universe. However, 
unlike many other resources, it cannot be consumed; it can be neither 
publicly nor privately owned; it cannot be physically confined within 
jurisdictional boundaries. Yet for effective utilization, it must be 
skillfully managed, treasured, and delicately allocated as though it 
were a rare and limited mineral. 

Service assignments within this finite span of radio spectrum are 
heavily governed by the fact that propagation characteristics at dif- 
ferent parts of the spectrum are not alike. In addition to recognizing 
this frequency dependence, the selection must take into account other 
technical factors such as transmitter power associated with a certain 
use (mobile stations almost always have lower power available than 


5 “Radio Spectrum Conservation” Joint Technical Advisory Committee, Institute of Radio Engineers— 
Radio Television Manufacturers Association. McGraw-Hill Book Co., New York, 1952. 
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fixed stations); the limiting size of an antenna array (only smal 
antennae are compatible with vehicles) ; therange desired ; the estimatel 
of interference, either manmade or natural; the erratic qualities of the 
upper atmosphere as a factor in propagation, considering the relia- 
bility of service desired; and the feasibility of channel sharing. 

In consideration of all these factors, a prime criterion of frequency 
nomination is the development of a maximum ratio of signal strengt 
to background noise—a sophisticated equivalent to seeking the best 
guarantee of successful reception. 

The strength of a radio signal is measured in terms of the voltage 
induced in a conductor (antenna) one meter long when the magnetic 
flux of the radiation sweeps along the conductor with the velocity of 
light. This quantity is usually so feeble that it is expressed in 
millionths of a volt (microvolt), or less. 

Radio signals are usually generated by equipment utilizing vacuum- 
tubes (or more recently semiconductors) which serve as oscillators. 
The circuits are tuned so that electromagnetic energy is generated on 
the desired wavelength and then radiated into space through an an- 
tenna. The size of antenna required for optinfum performance is 
related to the wavelength employed and in fact there is a direct 
proportion between wavelength and antenna length. High frequency 
(short-wave) signals thus permit use of shorter or more compact 
antennae than lowidoneaher: Some antennae may be directional, 
and resemble optical systems in arrangement and appearance. 

For a radio station to emit a steady signal at constant frequency, 
however, is insufficient for the transmission of intelligence. Further 
control of the signal is required. One method termed “amplitude 
modulation” involves varying the intensity of signal in accordance with 
the information (sound) to be transmitted, depending on the receiver 
to detect or ‘demodulate’’ the signal and reproduce it in its original 
form for comprehension. Alternately, the amplitude may be kept 
constant, and the frequency itself varied slightly from a base assign- 
ment in accordance with the intelligence to be transmitted. Sucks a 
process is termed ‘‘frequency modulation” and forms the core of most 
communication systems utilizing the higher register of the spectrum. 
Obviously, with such systems, individual transmissions are not made 
on discrete frequencies, but actually involve distinct and finite band 
widths; the width required is in turn a function of the number of 
“bits” of intelligence that are to be transferred in any given interval 
of time. In the case of television, for example, the number of dots 
necessary to be converted into a complex picture pattern without 
flicker requires a far broader band than does the transmission of 
audible sound. 

At the receiving end of the communication cireuit, the system 
requires an antenna to intercept energy from the radio waves con- 
tinuously passing by the reception point. By proper tuning, the 
receiver must then separate the desired signal from the conglomerate 
of signals of all frequencies being abstracted, and demodulate or 
convert the signal back to a facsimile of the original transmission. 
Further amplification of signal may then be required to produce 
acceptable sound levels or TV picture brilliance. 

Obviously, if two signals are being transmitted on the same fre- 

uency ond develop equal field strength at the receiver location, the 
clarity.of reception is lost. The receiver has no capability for dis- 
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crimination between two such signals, and thus, the only means for 
preventing such elementary sources of interference is to exert control 
over the transmitters themselves by licensing separate frequencies for 
emission. ‘To reduce the hazard of accidental interference through 
overlap from poor techniques, transmitter tuning procedure, ete., 
“ouard” bands are provided between active bands. 

Thus, out of what may appear as an almost infinite spectrum on 
which at first glance an exceedingly large number of stations could 
operate side by side, the number of individual noninterfering trans- 
missions shrink to such an extent that crowding of the airways is 
already present in most of the spectrum, and inevitable in those parts 
of the unallocated spectrum that are being cultivated through new 
techniques. 

Partial solution of the problem lies in the process of channel sharing, 
but for this arrangement to be satisfactory in terms of freedom from 
interference, except for time-sharing, transmitters must be geographi- 
cally separated, utilize low power, and employ frequencies wherein 
propagation is limited to short distances. 


B. RADIO PROPAGATION CHARACTERISTICS 


Radio waves may travel from transmitter to receiver antennas by 
several mechanisms. For convenience, these have been generally 
classified as skywaves, tropospheric waves, and ground and space 
waves.°® 

Skywaves refer to energy that is propagated in the upper atmosphere 
between 40 and 100 miles above the Earth’s surface under such condi- 
tions as to be affected by the ionosphere. This region contains various 
layers of rarefied gas which, in being ionized by solar radiation, display 
the property of reflecting and refracting radio waves back to the 
Earth. Depending on the height of the particular layer, waves may be 
caromed between the ionosphere and Earth several times in traveling 
through the sky. ‘This phenomenon thus accounts for most long- 
distance communication making use of a “skip” mechanism. Because 
of the diurnal and seasonal fluctuations in the height of various ionized 
layers above the Earth, considerable variation in signal intensity 
occurs between day and night, and between summer and winter. 

Tropospheric waves are similar to skywaves, except that they are 
affected by properties of the lower atmosphere in the 10-mile portion 
closest to the surface of the Earth, wherein reflection and refraction 
occurs, influenced among other things by moisture content of the air 
and by marked transition in air density. 

When transmitting and receiving antennas are at the surface of the 
Earth and oriented vertically, a groundwave exists that is supported 
at its lower edge by the presence of the Earth’s surface. This ground- 
wave accounts for propagation of most standard broadcast signals in 
the daytime. When the antennas are elevated, similar waves may 
travel from transmitter to receiver along the Earth, perhaps de- 
flected by bouncing on an irregular surface. In one sense, these 
waves are analogous to visible light originating at the transmitter in 
that the propagation characteristic in terms of range and behavior 
may be thought of as corresponding to a “line of sight.” 


6 Ibid., pp. 19-125. 
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Still another mechanism of radio communication is that of scatter 
propagation. Techniques utilizing this medium constitute one of the 
most dramatic developments in radio communication in recent years. 
In certain frequency ranges, particularly 25-60 Me/s, a certain amount 
of ineident electromagnetic energy appears reflected in the ionosphere, 
and scattered forward, counter to the usual experience at that fre- 
quency wherein no reflection is observed. The phenomenon, analo- 
gous to the scatter of light from a searchlight illuminating a cloud, 
appears best explained by the ionizing influence of meteor trails which 
in the aggregate provide enough of a reflecting or scattering medium 
that directional signals of high power may be propagated by “skip’’ 
for far greater distances than is ordinarily expected in that range of 
frequencies. 

These different modes of propagation are involved separately and 
collectively at different frequencies. Unfortunately, the salient facts 
of radio propagation cannot be summarized in a statement of a few 
judiciously chosen sentences. The details are exceedingly complex, 
and the state of the art is rapidly changing, particularly at the end of 
the spectrum most applicable to space communication. That the 
situation is so involved stems from the fact that the radio spectrum 
is spread over frequencies which, from one end to the other, are in 
the ratio of 10 million to 1; by contrast, the corresponding frequency 
spread in the optical spectrum is only 2 to 1. 

The lowest radio frequencies, 10 to 200 ke/s, are characterized by 
the existence of a groundwave which is propagated at great distances, 
and by relatively stable ionospheric phenomena. Signals may thus be 
received over much of the Earth, free of fading and diurnal or seasonal 
variability. On the other hand, the atmospheric noise is stronger, 
and greater power must be employed to override the background 
static.’ Also, as noted earlier, larger antenna arrays are required 
at these longer wavelengths. As a consequence, frequencies at the 
low end of the radio spectrum are mainly suitable for commercial 
telegraphy or telephony, and for military application where the 
importance of communication traffic justifies the investment for 
high-power transmitters and huge antenna structures. The lower 
frequencies are also employed for long-distance navigation. 

Between 200 and 2000 ke/s, there occurs a transition of propagation 
mode from a predominantly groundwave transmission to one of sky- 
wave. At the low end of this range, propagation in the daytime is by 
groundwave, and substantially stable communication is possible. 
Over paths of good conductivity such as sea water, the disparity of 
propagation as between both ends of this frequency range is not so 
marked. However, nighttime propagation is characterized by sky- 
wave phenomenon, and thus, at any distance involving the participa- 
tion of the ionosphere, is accompanied by serious fading. By and 
large, this band has been employed for commercial audio broadcasting. 
Particularly for this service, radio equipment has been highly engi- 
neered for frequency stability and freedom from drift that would 
cause interference. 

Transmissions in the 2 to 30 Me/s range (shortwave) propagate 
primarily via the ionosphere, which accounts for exceedingly an 
ranges of thousands of miles with but littl power. The lower 





7 Static from thunderstorm activity is propagated much further at low frequencies, whereas the upper 
reaches of the spectrum are almost static free. 
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frequencies are most often used for long-distance nighttime service; 
the higher are utilized in the daytime. Because of the hazard of 
periodic interruptions in service due to cyclical and diurnal disturb- 
ances of the ionosphere, transmitters using these ranges usually 
reserve several alternative frequencies so that a selection can be made 
of the auxiliary one most suitable at the time communication is desired. 
Disturbances due to sunspot activity and solar flares cannot be 
similarly overcome; communication must then rely on transoceanic 
and continental cables.* 

Propagation on 30 to 300 Me/s (very high frequency, VHF) and 
300 to 3000 Me/s (ultra high frequency, CHE), is limited most of 
the time to line-of-sight distances, although substantially all of the 
mechanisms of reflection, refraction, scattering, and guided propa- 

ation occur here. ‘Tropospheric and other irregularities greatly 
influence the distance of reception. As the frequency is raised, it 
becomes progressively easier to provide directivity, thus making 
possible the use of systems confined to narrow paths in space. Such 
systems are both more secure from imterception, and freer from 
extraneous interference. 

Even higher directivity can be obtained at frequencies above 
3000 Me/s (super high frequency, SHF, and extremely high frequency, 
EHF). This characteristic coupled with the small antenna needed, 
and thus low power, give radar which utilizes an echo-ranging principle 
its qualities of definition. The distance range, however, is little beyond 
the horizon at this frequency order, since apparently the ionosphere 
plays no important part in this propagation. 

Longer distance communication can be effected by use of relay 
stations, and is economically feasible up to 10,000 Mc/s. Beyond 
that, a limitation is introduced by the screening effect of raindrops 
during heavy precipitation. At even higher frequencies, such 
absorption occurs from atmospheric water vapor or oxygen molecules. 


C. ADMINISTRATIVE CONTROL OF FREQUENCY ASSIGNMENTS 


Those concerned with the communication industry, with radio 
engineering, and with related legislation, have become increasingly 
aware of the congestion of the radio spectrum, the expansion of 
facilities for worldwide communication, and the imperative need for 
effective management of the spectrum as the only process by which 
the airwaves can fulfill their destiny as a medium of public service. 
To be sure, enormous gains have been realized from scientific research, 
particularly since World War II, in transmission techniques, in better 
understanding of propagation characteristics, and in the development 
of new ‘devices such as transistors. At the same time, however, the 
demand for channels thas been increasing even more rapidly, for com- 
mercial messages, )public service broadcasting, and for military uses. 

Such pressure on the radio spectrum led to the creation of the 
President’s Communications Policy Board on February 17, 1950. In 
the text of a letter asking for a comprehensive survey, President 
Harry S. Truman noted: 

The most pressing communications problem at this particular time, however, 


is the scarcity of radio frequencies in relation to the steadily growing demand. 
Increasing difficulty is being experienced in meeting the demand for frequencies 


* The 11-year cycle of sunspot activity reached its most recent peak in the summer of 1957, 
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domestically, and even greater difficulty is encountered internationally in 
attempting to agree upon the allocation of available frequencies among the 
nations of the world. In the face of the growing shortage, the problem of 
assuring an equitable distribution of the available supply ot frequencies among 
all claimants, both governmental and private, is rapidly assuming major 
prominence.® 


The problem is no less urgent 10 years later in 1960, and the 
requirements for an entirely new form of service for communication 
between Earth and space cannot be met by the simple expedient of 
allocating unused parts of the spectrum. There are none. 

The erotere by which a single new applicant ey be accommodated, 
much less an entirely new service, is so complex and involves so 
many ramifications of a technical, economic, and [political nature, 
that the approach adopted for the purpose of this report is simply 
to discuss an idealized model of radio spectrum management. 

Consider for the moment the use of radio for the following purposes: 

1, Communication: 

(a) Fixed—service between two specified points. 

(6) Mobile—service between land and mobile, or between two 
mobile stations, including aircraft, ships, and land vehicles. 

(c) Broadcast—aural and visual, available to general public. 

(d) Amateur service—hobby and emergency service. 

(e) Special services—industrial, scientific, and medical uses 
(involving electromagnetic radiation). 

2. Location and ranging services: 

(a) Radiodetermination—direction finding. 

(6) Aero and maritime radio navigation services. 

Consider next the rapidly growing demand since 1929 for service 
as typified by the number of frequency listings by the International 
Telecommunication Union for the 4-10 Me/s band.!® 


1929 1939 1949 1959 12 
WB GOV RII i. - cond pice cpnnnchdendvancgepeshe 92 377 3, 189 5, 116 
Ue RIG Sa, ecrctasntiepidinitip -aimatocives 7 381 929 5, 
iB, BOR. ie eh rd ig Ld sca ee debe ate 163 758 4,118 10, 774 
WORE RRR in cinietaidachinktebiaGetls bb eed dadenditetee 1, 698 6, 658 21, 456 74, 284 


; 1 i through September 1958; obtained from registrations with the International Frequency Registra- 
tion Board, 

2 The 1959 figures are indicative of the e ding utilization of the spectrum thi h increases in the 
number of separate transmitters, but are not directly comparable to the series for years. Before 
1959, for frequencies used within the boundaries of the United States, international agreement required 
notification for each discrete frequency, but did not require registration of all separate users if there were 
groups having related functions, geographically se ted, and occupying the same wavelengths. That 
is, multiple users of one frequency, such as with a radio communication, could appear as only one 
yomet he 1959 figures, however, encompass every assignment for each diserete eee used 
for domestic or for international communication. All registrations cited, incidentally, t as separate 
entries the multiplicity of channels that may be assigned to a single transmitting station to permit switch- 
ing for optimum pesengreen. 

‘ A = ist of discrete frequencies and separate transmitters as of Sept. 30, 1957, is given in 
ppendix 


Consider also the problem of channel reallocation. After a service 
has been established, there is the intense development and marketin 
of radio equipment especially suited for the particular service an 
associated frequencies. The financial investment in equipment ma 
run into hundreds of millions of dollars. If there were a sudden shift 
in frequency allocations, existing capital equipment would have to be 

*“Telecommunications—A Program for ”” a report of the President’s Communications Policy 


Board, Washington, U.S. Government Printing Office, 1951, p. 1. 
% Tbid., p. 35. 
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scrapped and the economic burden represented by its replacement is 
tacitly regarded as unacceptable. This conclusion holds regardless of 
whether the service is Government or commercial. On the other 
hand, gradual transitions in frequency to exploit better performing 
portions of the spectrum are compatible with normal functional 
obsolescence of all types of apparatus, and this type of evolutionary 
process may be expected to yield previously occupied portions of the 
spectrum to some service for which, considering both propagation 
characteristics and crowding, it is better qualified. 

Thus, implicit in effective utilization of the entire spectrum is a 
dynamic approach to administrative control and to spectrum con- 
servation. This philosophy was well enunciated in the treatise of the 
JTAC mentioned earlier." 

In this perspective, Donald R. MacQuivey in “Frequency Assign- 
ment Administrative Control,” ” noted that five administrative proc- 
esses characterize the act of proper frequency control: 

(1) Frequency requirement determination, on the basis of purely 
technical considerations of the service intended with implications of 
power available and antenna size permissible, the range, reliability, 
and fidelity of transmission required, the quantity of information to 
be conveyed, and other secondary factors, including the state of the 
art, and costs of equipment compatible with the service 

(2) Frequency nomination, on the basis of availability of spectrum 
on a noninterfering basis, consistent withallocations for service made 
on an international basis (and discussed subsequently). 

(3) Frequency clearance and assignment—an administrative pro- 
cedure. 

(4) Collection of frequency usage information. 

(5) Assignment review. 

The last two items are of special significance since they reflect the 
‘‘feedback’’ mechanism of scientific management by which the validity 
of the earlier judgments and decisions can be continuously evaluated, 
and experience systematized. In other words, five scientific manage- 
ment processes are applied: analysis of the existing situation, the 
development of statements of what is common practice, the develop- 
ment of what should be standard practice, relationship preplanning 
before a tense situation develops, and finally the development of 
procedures to facilitate operation of the control system. 

MacQuivey goes on to define an optimum frequency management 
system as— 


one that permits the maximum usefulness of radio frequencies to be obtained by 
all users; the administrative convenience is secondary in this consideration 
but is an essential part of the optimum system because, without it, maximum 
frequency usefulness cannot be obtained.” 

The JTAC suggested that the limit of spectrum occupancy occurs 
when all portions of the spectrum are fully, continuously, and uni- 
formly utilized and each frequency assignment is employed by many 
stations so arranged that their service areas are adjacent but do not 
overlap. This criterion emphasizes that the spectrum can in effect be 
occupied in three ways, in frequency, in time, and in geographic 
location. 


“Radio Spectrum Conservation,” op. cit. - 
12“ Frequency Assignment Administrative Control,” by D. R, MacQuivey; a dissertation submitted to 


Ameriean University in May 1956 in partial fulfillment of the degree Doctor of Philospohy. 
18 Ibid, pp. 3-4. 
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What has not been said but has become a part of standard practice 
is the matter of “stockpiling” of frequencies as one basis by which 
newcomers on the airwaves can be accommodated while affording pro- 
tection to existing users. In excess, any procedure loses its validity; 
undue stockpiling of frequencies, if it becomes hoarding, obviously 
places even more pressures on the heavily burdened sectors of the 
spectrum so that the resulting density of utilization with probable 
interference is not optimum. This, of course, is why the technical 
considerations and administrative control are so inextricably linked, 
perhaps as much in this activity as any other form of technological 
endeavor. At the same time, considering the physical nature of the 
radio spectrum, there are few parallels where the matter of control 
depends so critically on cooperation; at that, considering also the 
ubiquitous nature of electromagnetic radiation, the basis of agree- 
ment must be extended beyond national boundaries. 

The problem was illuminated in an address by Senator Howard W. 
Cannon before the American Rocket Society, on November 18, 1959, 
concerned with ‘‘ Radio Frequency Control for the Space Age.” Argu- 
ing from an analogy with common experience in other forms of com- 
munication, Senator Cannon said: 

This matter of radio channel allocation * * * may emphasize the point that 
success will not come by authoritarian pronouncement, but only by agreement. 
Until recently in most rural areas, and even in many cities, telephone subscribers 
had no choice but to accept service as a participant in a party line. The problem 
was simple. The demand exceeded the number of individual circuits available, 
and the only practicable solution lay in sharing of lines, on a time rather than on a 
frequency basis. Whether recognized or not, the success of the party line de- 
pended critically on the cooperation and exercise of restraint on the part of sub- 
scribers. A receiver left accidentally off the hook could block the cireuit for 
others; the attractiveness of the instrument as a plaything for young children 
could be an annoying source of interference; the inevitably long conversationalists 
are well and not very affectionately remembered for reducing the convenience of 
others. In the case of the telephone, most individuals now have the option of 
private lines, but when the number of channels, as in the case of the radio spectrum, 
is limited, effective utilization lies in human agreement. Policing of party-line 
telephones or the air waves is impracticable. 


Thus administrative control and management of the radio spectrum 


becomes the active concern of all participants, and effective utilization 
of the spectrum a matter of a unified frequency concept. 


V. INTERNATIONAL AGREEMENTS ON Rapio CHANNEL ALLOCATIONS 


A. HISTORY AND ORGANIZATION OF THE INTERNATIONAL TELECOM- 
MUNICATION UNION (ITU) 


It is thus apparent that the fundamental basis for radio frequency 
assignment lies in international agreements. As is developed sub- 
sequently, the success or failure of our space research program crit- 
ically depends on radio communication, and in turn derives its efficacy 
from noninterference from stations anywhere on the globe. Thus, as 
critically as for other communication services, and in some regards, 
even more so, frequency assignments for space require international 
agreement, bound by treaty. 
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The regulation of communication by international agreement has a 
history that chronologically almost parallels that of the technology 
itself. As far back as 1849, a bilateral treaty was signed between 
Prussia and Austria relating to land-line telegraph, and multilateral 
agreements were developed in great numbers through the auspices of 
the International Telegraph Union founded in Paris in 1865. In 
1906, the Radio Telegraph Union was formed, marking the invention 
of radio; international agreements were then forged at the Berlin Con- 
ference concerning frequency allocation, operating procedures, tech- 
nical standards for transmissions, and clear channel operation for 
distress messages; these were subsequently put into effect in 1908." 

As the state-of-the-art itself advanced, new portions of the spectrum 
were opened for effective use, and the collateral extension of cognizance 
over frequency allocation is summarized as follows: 


Meeting Part of spectrum covered 


by regulations 


Ro ieies Rinkitiiatileee bh tbmests Berlin Radio Conference 









lla Ra 500 ke/s and 1000 ke/s. 
BONN in Fe See ce kos London Radio Conference. _ _..............-.... /s. 
| ARG SR eee eae Washington Radio Conference. .._..........--.. 






NO eval iannthidthe S raiaas caste Madrid Radio Conference 






At the International Radio Telegraph Conference in Washington in 
1927, a formal table of frequency allocations was established for the 
first time. These regulations, with amendments, have been the basis 
for all subsequent international agreements, as well as the subsidiary 
domestic assignments within the United States (and other countries). 

In 1932, two plenipotentiary conferences were held in Madrid, a 
telegraph and telephone conference, and a radio telegraph conference, 
at which time the two existing and separate conventions were amal- 
gamated into a single International Telecommunication Convention; 
the convention then formed the International Telecommunication 
Union (ITU). The global role of the ITU was firmly established 
with the agreements in article 9 as follows: 















EXECUTION OF THE CONVENTION AND OF THE REGULATIONS 







1. The contracting governments undertake to apply the provisions of the 
present convention and of the regulations accepted by them, in all the offices and 
all the telecommunication stations established or operated by them, and which 
are open to the international service of public correspondence, to the broadcasting 
service, or to the special services governed by the regulations. 

2. Moreover, they agree to take the steps necessary to enforce the provisions 
of the present convention and of the regulations which they accept, upon the 
private operating agencies recognized by them, and upon the other operating 
agencies duly authorized to establish and operate telecommunications of the 
International service whether or not open to public correspondence."* 












4 For background, see ‘‘ The International Control of Radio Communications’ be pee D. Tomlinson, 
J. W. Edwards Press, Ann Arbor, 1943; “International Telecommunications” by H. O. Mance, Oxford 
University Press, London, 1943; ‘‘The International Telecommunication Union” by G. A. Codding, Jr., 
E. J. Brill Press, Leiden, 1952. 
16 These data are obtained directly from Radio Regulations of the ITU, Madrid, 1932; Atlantic City, 
1947; ee 1959. They are in some slight disagreement with figures published in ‘‘ Telecommunications”’ , 
. 21, op. cit. 
. 6 Considerable detail concerning the activities of the ITU - the Atlantic City Conference is con- 
tained in the monograph of George A. ‘Codding, Jr,, entitled, ‘‘The International Telecommunication 
tinh ion.” in International Cooperation’’, published by E. J. Brill, Leiden, the Netherlands 
n 1952 (in English). 
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As a further significant development of the ITU, at its first meeting 
after World War II, in Atlantic City, 1947, the organization voted to 
become a specialized agency of the United Nations. Its scope of 
activity, its aims and its purposes were then outlined for the first time 
in its history: 


(a) To maintain and extend international cooperation for the improvement 
and rational use of telecommunication of all kinds; 

(b) To promote the development of technical facilities and their most efficient 
operation with a view to improving the efficiency of telecommunications services, 
increasing their usefulness and making them, as far as possible, generally available 
to the public; 

(c) To harmonize the actions of nations in the attainment of those common ends. 


To attain those objectives, the Union went on record that it shall— 


(a) Effect allocation of the radio frequency spectrum and registration of radio 
frequency assignments in order to avoid harmful interference between radio 
stations of different countries; 

(b) Foster cooperation among its members and associate members with a view 
to the establishment of rates at levels as low as possible consistent with an efficient 
service and taking into account the necessity for maintaining independent, 
financial administration of telecommunication on a sound basis; 

(c) Promote the adoption of measures for insuring the safety of life through the 
cooperation of telecommunication service; 

(d) Undertake studies, formulate recommendations, and collect and publish 
information on telecommunication matters for the benefit of all members and 
associate members.'? 


These statements of principle go quite a way in underscoring the 
unique position of the ITU as an instrument of international coopera- 
tion in matters concerned with telecommunications."* 

Prior to the meeting in 1947, it had been recognized that one of the 
greatest defects of the organization had been the inability to make 
decisions between plenipotentiary conferences. A continuously func- 
tioning organization was thus deemed necessary, especially considering 
the rapidly changing state of the art. An Administrative Council was 
then established by article 5, paragraphs 10 and 11: 


(1) The Administrative Council shall be responsible for taking all steps to 
facilitate the implementation by the members and associate members of the 
provisions of the convention, of the regulations and of the decisions of the 
Plenipotentiary Conference. 

(2) It shall insure the efficient coordination of the work of the Union. In 
particular the Administrative Council shall— 

(a) perform any duties assigned to it by the plenipotentiary conferences; 

(6) in the interval between plenipotentiary conferences, be responsible 
for effecting the coordination with all international organizations * * * and 
to this end appoint, on the behalf of the Union, one or more representatives to 
participate in the conferences of such organizations, and when necessary of 
coordinating committees established in conjunction with those organizations; 

(c) appoint the Secretary General and the two Assistant Secretary 
Generals of the Union * * * supervise administrative functions, * * * 
review budget * * * arrange for audit * * * arrange for conferences of the 
Union * * * coordinate the activities of all the other organs of the 
Union * * *, 


On a recommendation of the United States, which was unanimously 
adopted, the seat of the Union was then established in Geneva. 
A simplified organization chart of ITU is shown in figure 1. 
Current membership of ITU is listed in app. F. 
" Tbid., pp. 


272-273. 
8 See also ““The ITU and Global Communications” by Frances Colt de Wolf; Trans. Inst. Radio Eng: 
neers; Vol, CS-2, No. 3; November, 1954; pp. 18-21. 
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B. INTERNATIONAL FREQUENCY REGISTRATION BOARD (IFRB) 


To implement the work of the ITU, the 1947 convention set up an 
ll-member International Frequency Registration Board (IFRB), 
the duties of which are set forth in article 6: 

(a) To effect an orderly recording of frequency assignments made by the 
different countries so as to establish, in accordance with the procedure provided 
for in the radio regulation, the date, purpose, and technical characteristics of each 
of these assignments (to domestic users) with a view to insuring formal inter- 
national recognition therefor. 

(b) To furnish advice to members and associate members with a view to the 
operation of the maximum practicable number of radio channels in those portions 
of the spectrum where harmful interference may occur. 

Interpolating further, the IFRB has been visualized as the medium 
through which an “engineered” spectrum will emerge, thus providing 
spectrum occupancy to all valid applicants, with ample freedom from 
interference.’ First steps have been marked by formulation of a 
Master Radio Frequency Record of all transmitters and of a clearing 
house for reporting interference. Eventually, the IFRB may (1) make 
frequency selections where requested, (2) indicate to Administrations 
concerned, apparent technical incompatibilities between frequency 
assignments, and (3) coordinate adjustment of assignments or 
schedules. The IFRB could become an international FCC/IRAC. 

The extension of this function to space communication is both clear 
and urgent so that radio signatures from a growing family of satellites 
may be readily identified, to locate possible sources of interference, 
but especially to minimize the hazard of an international ‘incident’ 
through misinterpretation of an unannounced space vehicle. 


C. INTERNATIONAL RADIO CONSULTATIVE COMMITTEE (CCIR) 


In addition, the Atlantic City convention more formally recognized 
and strengthened the International Radio Consultative Committee 
(CCIR) which had been previously established at the Madrid Con- 
ference in 1932. This committee is empowered to study and make 
recommendations on technical radio questions and operating pro- 
cedures, the solution of which depends principally on considerations of 
a technical radio character. The CCIR has been accordingly organ- 
ized into a number of individual study groups, each concerned with 
special topics of cognizance of the ITU; to a great extent, its members 
are scientists and engineers of special competence in the relevant 
disciplines. The CCIR meets in Plenary Assembly at intervals of 
about 3 years to consider specific recommendations submitted by any 
of its 14 or so study groups, and to forward those recommendations 
which have been adopted to the appropriate Conference within the 
ITU for deliberation and possible action. 

One further comment, should be offered with regard to the position 
of the CCIR vis-a-vis the proposals submitted to the Administrative 
Radio Conference. In the first instance, the competence of the CCIR 
has been amply demonstrated in terms of past history as well as in 
terms of the professional stature of the individual participants, The 
CCIR has previously studied propagation and reception character- 
istics in different parts of the world, has analyzed the behavior patterns 


“International Radic Frequency Management”’ by Paul D. Miles; Trans. Inst. Radio Engineers; Vol. 
CS- , No. 3; November 1954; pp. 22-25, - See also articles 8-11 of Geneva, 1959 Radio Regulations, 
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of disturbances in the upper atmosphere that affect communication, 
and has prepared an atlas of thunderstorm activity to guide its 
technical recommendations as a basis of frequency allocations. 

Article 13, paragraph 181 of the International Telecommunication 
Convention, Geneva, 1959, now provides that “the Plenary Assemblies 
of the International Consultative Committees are authorized to sub- 
mit to Administrative Conferences proposals arising directly from their 
recommendations or from findings on questions under study.” As a 
practical matter, however, recommendations by the CCIR previ- 
ously did not have formal status before the ITU other than as valuable 
background. Proposals for action thus ordinarily originated from 
member nations, but occasionally on the basis of analysis and favor- 
able interpretation of CCIR studies. 

The I also maintains relationships with other technical organ- 
izations, but their participation is also without voting status. This 
matter is brought out subsequently in comment concerning submis- 
sions by COSPAR to the ITU concerned with Earth-space com- 
munication. 

The Plenary Assembly of CCIR most recently convened in Los 
Angeles in April 1959, and those recommendations adopted on this 
occasion were submitted to the ITU as a basis for action at the recent 
meeting in Geneva. For the first time in the history of the CCIR, 
consideration was given to extraterrestrial communication. Further 
details of these proposals are outlined in this report subsequently, 
regarding both Earth-space circuits and protection of certain bands 
for radio astronomy observations. 


D. ITU ADMINISTRATIVE RADIO CONFERENCE AT GENEVA, 1959 


Today, the ITU has a membership of 101 nations, including all 
major powers, geographical and political subdivisions, with the excep- 
tion of Communist China and East Germany. 

The most recent and significant meetings under the auspices of the 
International Telecommunication Union were those of the Adminis- 
trative Radio Conference, whose sessions were initiated at Geneva on 
August 17, 1959, and concluded December 21, 1959, and of the 
Plenipotentiary Conference which met simultaneously with the latter 
half of the Radio Conference. Among other topics, extensive revi- 
sions were adopted of the radio regulations which had been established 
at Atlantic City in 1947, and are still in force today. 

Following protocol of the Conference, pro s for changes in fre- 
quency assignments were entertained from all of the States members 
prior to the Conference and circulated for review. Others were 
presented on the floor. Negotiation then developed in relatively 
small groups, with final recommendations offered to the plenary body 
for a formal vote. Those regulations then adopted must be further 
ratified and signed by the various administrations represented, on the 
same basis as any multilateral treaty. This ratification process must 
thus be anticipated in the near future with regard to the agreements 
arrived at in Geneva. 

The significance of the recent meeting in Geneva, and the unique role 
of the ITU in the matter of spectrum management, has been recognized 
by the other international agencies having an interest in this problem. 
The Secretary General of the United Nations, in transmitting a copy of 
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the report of the Ad Hoc Committee on the Peaceful Uses of Outer 
Space, and both the Committee on Space Research (COSPAR), and 
the International Astronomical Union, in forwarding proposals for 
action concerned with the special problems of frequency allocation for 
space research, took cognizance of the ITU as the only effective med- 
ium for international agreement and progress. Specifically in provid- 
ing frequencies for space telecommunications, the precursor to a codi- 
fied space law may have been established. 

The problems of international agreement would initially appear 
imponderable, considering many conflicting and competing demands 
for radio service, the finite limits to the spectrum iteelf, the technical 
difficulties in monitoring and policing the airwaves, the global char- 
acter of radio wave propagation and the consequent international 
aspect of frequency control, and the large number of different adminis- 
trations concerned with frequency allocation. Yet, despite these 
many and complex factors, a very high degree of accomplishment has 
been obtained in frequency allocation, and thus a high level of per- 
formance of radio service itself. This achievement appears, in large 
measure, to be due to the spirit of international cooperation which has 
continued since the early beginnings of radio technology when it was 
obvious that the propagation of electromagnetic radiation recognized 
no national boundaries. Much credit should also be accorded the 
individuals representing the various administrations concerned with 
frequency control, heavily buttressed with technical competence and 
techniques of negotiation as well as personal attributes conducive to 
agreement. Future implications of this growing amalgam of science 
and statesmanship are explored subsequently. 

As a final note with regard to U.S. participation in international 
meetings, all aspects of preparation and participation are functions of 
the Department of State, including the coordination of activities by 
other Government agencies. Thus, preparatory conferences to 
formulate the U.S. position prior to Geneva, selection of the U.S. 
delegation, their instruction, and clearance of actions during the 
Geneva negotiations were the responsibility of the Department of 
State. In practice, technical studies concerned with changes in inter- 
national radio regulations are developed primarily by the Federal 
Communications Commission, and the Interdepartment Radio 
Advisory Committee. Background thus developed becomes the basis 
of instructions to the U.S. delegation through position papers. De- 
partures from these positions which develop through negotiations 
during a conference must be cleared through the Department of State, 
which in turn consults FCC and IRAC as the statutory domestic 
authorities. 


VI. INTERNATIONAL Bopres ConceRNED WirH Space 
CoMMUNICATION 


In addition to the International Telecommunication Union which 
has an explicit charter and formal responsibilities, vis-a-vis telecom- 
munications, including those in space, a number of other international 
organizations have taken an active interest in either specific issues or 
broad aspects of the problem of space communication. These include: 
The United Nations. 

International Council of Scientific Unions (ICSU). 








24 RADIO FREQUENCY CONTROL 


Committee on Space Research (COSPAR). 
International Astronomical Union (IAU). 
International Astronautical Federation (IAF). 
International Scientific Radio Union (URSI). 
Inasmuch as this report is not intended as an exhaustive survey of 
international organizations, only those particular activities concerned 
with space telecommunications will be reviewed. 


A. UNITED NATIONS ACTION RELATING TO RADIO SPECTRUM 
MANAGEMENT 


On December 13, 1958, the General Assembly of the United Nations 
passed a resolution establishing the Ad Hoc Committee on the Peace- 
ful Uses of Outer Space. Its report, rendered June 25, 1959, makes 
special mention of radio frequency control as a problem in international 
law; because of the significance of the document, it is reproduced in its 
entirety as appendix A. 

As historical background, the maturation of the ad hoc committee 
was not without controversy. The concept first emerged on Jan- 
uary 12, 1958, when President Eisenhower, in a letter to Premier 
Bulganin, called for agreement regarding the use of outer space. On 
March 15, 1958, the Soviet Union offered a 4-point program on the 
control of outer space which contained specific details regarding a new 
U.N. agency for international cooperation, but also as a political 
maneuver, included unrelated provisions for liquidation of foreign 
military bases. These terms were considered unacceptable to the 
United States. After inaction for some 6 months, there then followed 
resolutions from both sides, one set based on the Soviet memorandum 
of March 15, and the other on a memorandum of the United States 
of September 2, 1958. The latter finally became the substance of 
resolution 1348 (XIIT) of December 13, 1958, to create the 18-member 
ad hoc committee; it was approved in the General Assembly by a vote 
of 53 to 9 with 19 abstentions. 

In stressing the common interest. of mankind in the exploration of 
space and the use of the new environment for peaceful purposes, the 
General Assembly in its wording wished to avoid the extension of 
present national rivalries into this new field and commended the 
pattern of scientific cooperation so successfully developed in the pro- 
gram of IGY. As a strong gesture in this direction, membership of 
the ad hoc committee was composed of 18 nations representing many 
points of view and locations; it included Argentina, Australia, Belgium, 
Brazil, Canada, Czechoslovakia, France, India, Iran, Italy, Japan, 
Mexico, Poland, Sweden, Union of Soviet Socialist Republics, United 
Arab Republic, United Kingdom of Great Britain and Northern 
Ireland, and the United States of America. 

Regrettably the Soviet Union, Czechoslovakia, and Poland decided 
not to participate in the work of the Committee. The reason advanced 
by the Soviet delegate, Mr. Sobolev, was “‘that its membership has a 
one-sided character and is not consistent with an objective considera- 
tion of this important problem.’’ Moreover, he thought the Com- 
mittee should not undertake any practical tasks without Soviet, par- 
ticipation, and stated that not a single step would be taken im a 
year’s time. The U.S. Ambassador to the U.N., Henry Cabot Lodge, 
disputed this point of view and replied ‘‘the composition of the Com- 
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mittee is more than fair, and * * * it is hoped the Soviets would 
recognize these facts and participate.’”” He also noted that the work 
of the Committee would proceed in any event, but hoped it would 
proceed cooperatively. 

By the time the Ad Hoe Committee assembled on May 6, 1959, the 
United Arab Republic and India also declined to participate. Never- 
theless, officers were elected with Dr. Koto Matsudaira (Japan) as 
Chairman, Dr. Mario Amadeo (Argentina) Vice Chairman, and 
Mr. Joseph Nisot (Belgium) as Rapporteur. Working committees 


held 25 meetings, and a report was unanimously rendered on June 25, 
1959. 


The report contains four sections, each devoted to one of the pro- 
visions of the original resolutions. Information was developed by 
the Committee as follows: 


(1) The activities and resources of the United Nations, of its specialized agencies 
and of other international bodies relating to the peaceful uses of outer space; 

(2) The area of international cooperation and programs in the peaceful uses 
of outer space which could appropriately be undertaken under United Nations 
auspices to the benefit of States irrespective of the state of their economic or 
scientific development, taking into account the following proposals, inter alia— 

(i) Continuation on a permanent basis of the outer space research now 
being carried on within the framework of the International Geophysical Year; 

(ii) Organization of the mutual exchange and dissemination of information 
on outer space research; 

(iii) Coordination of national research programs for the study of outer 
space, and the rendering of all possible assistance and help toward their 
realization; 

(3) The future organizational arrangements to facilitate international coopera- 
tion in this field within the framework of the United Nations; 

(4) The nature of legal problems which may arise in the carrying out of the 
programs to explore outer space.?? 


The matter of radio frequency control gained particular recognition 
in the report, including a rationale for spectrum management, and a 
recommendation that allocations be made for Earth-space service at 
the impending meeting of the International Telecommunication 
Union. The particular section C concerned with “‘Legal Problems 
Susceptible of Priority Treatment,”’ paragraphs 13-15 of part III of 
the report states: 


13. It was recognized that there are stringent technical limits on the availability 
of radio frequencies for communications. e development of space vehicles will 
pose new and increasing demands on the radio spectrum. It was emphasized 
that rational allocation of frequencies for communications with and among space 
vehicles would be imperative. In this way, what might otherwise come to con- 
stitute paralyzing interference among radio transmissions could be avoided. 

14. Attention was drawn to the fact that there is already in existence and 
operation an international organization suited to the consideration of problems of 
radio frequency allocation for outer space uses, namely, ITU. A technical com- 
mittee of this organization has already issued a recommendation and a report 
which bears the following titles: “Selection of Frequencies Used in Telecommuni- 
cation With and Between Artificial Earth Satellites and Other Space Vehicles” 
and “Factors Affecting the Selection of Frequencies for Telecommunication With 
and Between Space Vehicles.” The findings contained in these two documents 
will be presented to the Administrative io Conference of ITU which will open 
in Geneva August 17, 1959. 

15. Attention should also be given to the desirability of terminating trans- 
missions from space vehicles once these transmissions have outlived their useful- 
ness. Such a measure would help conserve and make optimum use of the fre- 
quencies which are assigned for outer space communications. In considering 


* United Nations Document A/4141 of July 14, 1959, reproduced as app. A; see par. 7 of section “Notes by 
the Rapporteur.” 
51548—_60—_8 
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this problem, it would be necessary to balance this factor against the interest in 
conserving a means for continuous identification of space vehicles.*! 

In paragraph 69 of part II dealing with international agreements, 
there is the notation that— 

69. Accomplishment of most uses of space vehicles will depend heavily upon 
the adequate availability of communications channels. Allocation of frequencies 
specifically for use by space vehicles and in space activities will be necessary to 
assure that channels will be available as needed. There already exists in ITU 
and its advisory bodies the means for handling this problem. The Committee 
agrees that there is an urgent need for international coordination of radio fre- 
quencies for use in association with space vehicles for tracking, telemetry, and 
research purposes. Interference by space vehicles might seriously affect radio 
services on the earth. Similarly, radio interference from terrestrial sources could 
cripple the conduct of space programs. The Committee strongly urges that ITU 
and the States members of the 1959 Administrative Radio Conference of ITU 
allocate adequate needs of space programs in the next 3 years.” 

Those acquainted with proliferating international organizations will 
find that no new communications agency was recommended. 

The substance of the technical proposals mentioned in the foregoing 
is amplified subsequently in this report in relation to spectrum de- 
mand for space telecommunication; see pages 46-48. 

On the matter of frequency allocations, the report has been specific 
and clear, and those concerned with radio spectrum jurisprudence feel 
that the committee action was effective in laying the groundwork for 
the subsequent international negotiations at Geneva, particularly in 
calling attention to issues that had not received widespread support. 
In other respects, there appears to have been a mixed response, par- 
ticularly with regard to limitations of the U.N. report to those pre- 
viously identified legal problems susceptible of priority treatment. 
That is, there was no examination or discussion of the broader frame- 
work of space law, of which radio frequency assignment, for example, 
would be simply one part. 

In any event, once the Ad Hoc Committee had completed its 
assignment and rendered its report, it was destined to pass out 
of existence. The unresolved issues generated by recent scientific 
and technological developments in the exploration of outer space 
made the establishment of a permanent organ within the auspices 
of the United Nations all the more urgent. However, it should be 
recalled that the Soviet Union which had injected the most dramatic 
displays of achievement in space had boycotted the committee. 
Thus, any future planning or action by the U.N. toward peaceful 
uses of outer space would be neither realistic nor fruitful unless the 
permanent committee included active participation and cooperation 
of the Soviet bloc. 

On December 4, 1959, it was reported in the New York Times 
that Vasily V. Kuznetsov, a Soviet First Deputy Foreign Minister, 
and Henry Cabot Lodge, permanent U.S. representative, had begun 
secret negotiations aimed at settling some of the differences which 
had first arisen with the formation of the ad hoc committee and 
which then appeared to block agreement on the- formation of a 
permanent body. The primary source of disagreement over 
composition of the body continued. Mr. Kuznetsov was reported to 
favor a 24-member group, with 12 seats given to the Western Powers, 

% Ibid., pt. IIL, 


22 Tbid., pt. II. 
%3 “ Accord is near on U.N. Space Unit,” New York Times, Dec. 4, 1959, p. 8. 








— ew eee rer 


woe 


«A 
' 


~~ 





RADIO FREQUENCY CONTROL 27 


and 5 assigned to neutrals. The Soviet bloc would thus have seven. 
This is in contrast to the composition of the precursive ad hoc com- 
mittee of only 18 members, of which 12 were from the Western Powers, 
3 from the Soviet bloc, and 3 neutral. 

According to the New York Times of December 9, 1959, it was 
reported that several of the Western Powers had taken the position 
that the Soviets were not entitled to more than five seats on the 
permanent outer-space body.% Others proposed a compromise of 
12, 6 and 6. The rationale for this ent lay in the relative 
strength of the Soviet bloc in the United Nations wherein only 9 of 
the 82 members represent the U.S.S.R. 

Because of the technological supremacy which the West had tem- 
porarily conceded to the U.S.S.R. in the space race, however, nego- 
tiations could not proceed on the part of the West from a position of 
strength. Accord was reached on the basis of the Soviet proposal for 
membership. 

On December 12, 1959, the General Assembly unanimously ap- 
proved a joint resolution by the United States and the U.S.S.R. to 
set up the permanent committee and thus make a fresh effort to en- 
courage the exploration of space and regulation of activities involved 
in the peaceful uses of outer space. 

The resolutions follow: 


RESOLUTIONS ADOPTED BY THE GENERAL ASSEMBLY 


(on THE Report or THE First Commitrer (A/4351)] 


1472 (XIV). INTERNATIONAL CO-OPERATION IN THE PEACEFUL USES OF OUTER SPACE 


A 

The General Assembly, 

Recognizing the common interest of mankind as a whole in furthering the peace- 
ful use of outer space, 

Believing that the exploration and use of outer space should be only for the 
betterment of mankind and to the benefit of States irrespective of the stage of 
their economic or scientific development, 

Desiring to avoid the extension of present national rivalries into this new field, 

Recognizing the — importance of international cooperation in the exploration 
and exploitation of outer space for peaceful purposes, 

Noting the continuing programmes of scientific cooperation in the exploration 
of outer space being undertaken by the international scientific community, 

Believing also that the United Nations should promote international co-operation 
in the peaceful uses of outer space, 

1. Establishes a Committee on the Peaceful Uses of Outer Space, consisting of 
Albania, Argentina, Australia, Austria, Belgium, Brazil, ulgaria, Canada, 
Czechoslovakia, France, Hungary, India, Iran, Italy, Japan, Lebanon, Mexico 
Poland, Romania, Sweden, the Union of Soviet Socialist Republics, the United 
Arab Republic, the United Kingdom of Great Britain and Northern Ireland and 
the United States of America, whose members will serve for the years 1960 and 
1961, and requests the Committee: 

(a) To review, as appropriate, the area of international co-operation, and 

to study practical and feasible means for giving effect to programmes in the 

ful uses of outer space which could ae. be undertaken under 
nited Nations auspices, including, inter alia: 

(i) Assistance for the continuation on a permanent basis of the research 
on outer carried on within the framework of the International 
Geophysical Year; 

(ii) Organization of the mutual exchange and dissemination of informa- 
tion on outer space research; 


eatecnenstiinipmiaatio 
* “Soviet Wins Point in U.N. Space Talk,” New York Times, Dec. 9, 1959, p. 184. 
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(iii) Encouragement of national research programmes for the study of 
outer space, and the rendering of all possible assistance and help towards 
their realization; 

(b) To study the nature of legal problems which may arise from the 
exploration of outer space; 
2. Requests the Committee to submit reports on its activities to the subsequent 
sessions of the General Assembly. 


The General Assembly, 

Noting with satisfaction the successes of great significance to mankind that have 
been attained in the exploration of outer space in the form of the recent launching 
of artificial earth satellites and space rockets, 

Attaching great importance to a broad development of international co-operation 
in the peaceful uses of outer space in the interests of the development of science 
and the improvement of the well-being of peoples, 

1. Decides to convene in 1960 or 1961, under the auspices of the United Nations, 
an international scientific conference of interested Members of the United Nations 
and members of the specialized agencies for the exchange of experience in the 
peaceful uses of outer space; 

2. Requests the Committee on the Peaceful Uses of Outer Space, established in 
resolution A above, in consultation with the Secretary-General and in cooperation 
with the appropriate specialized agencies, to work out proposals with regard to 
the convening of such a conference; 

3. Requests the Secretary-General, in accordance with the conclusions of the 
Committee, to make the necessary organizational arrangements for holding the 
conference. 


B. INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS (ICSU) 


The International Council of Scientific Unions is one of a large 
number of nongovernmental international bodies interested in major 
fields of science. The objects of such unions are (a) to promote the 
study of problems relating to their scientific fields; (6) to initiate, 
facilitate, and coordinate research into, and investigation of, those 

roblems which require international cooperation; and (c) to provide 
or discussion, comparisons, and publication. 

It is in this context that ICSU fostered the International Geo- 
physical Year (IGY), during which rockets and satellites for space 
research were first launched. Just prior to termination of IGY, so 
as to capitalize on the momentum of international research efforts, 
a Committee for Space Research was formed under aegis of the ICSU 
that, in exercising its responsibilities, has made the topic of radio 
frequency assignment a matter of special study. 

As further background, these international scientific unions are 
maintained by the voluntary, part-time work of a small group of 
active scientists elected for limited terms, and the activities derive 
their strength and vitality from the contributions of such highly 
professional and enthusiastic individuals. The administration is 
flexible, and often informal. 

The unions maintain contact with scientists in various countries 
os h national committees or equivalent bodies, one for each 

ipline. 

The establishment of the ICSU in 1931 provided a central organiza- 
tion to deal with problems of common interest and (a) to encourage 
international scientific activity in subjects which do not fall within 
the purview of any existing international organization; (6) to enter, 
through the national adhering organizations, into relations with the 


38 United Nations General Assembly, 14th sess., agenda item 25, Dec. 17, 1959. 
% See app. A. 
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governments of the countries adhering to the Council in order to 
promote scientific investigation in these countries; (¢c) to maintain 
relations with the United Nations and its specialized agencies; and 
(d) to make such contacts and mutual arrangements as are deemed 
necessary with other international councils or unions, where common 
interests exist in the field of the natural sciences covered by the 
Council. 

It thus maintains relations with national governments represented 
on its councils, and with the U.N., particularly with the United 
Nations Educational, Scientific, and Cultural Organization 
(UNESCO). 

The General Assembly of the ICSU is composed of representatives 
of the 13 scientific unions and of national representatives from the 
national academies or research councils of the 45 countries adhering 
to ICSU. The Assembly meets triennially and elects an Executive 
Board which meets annually. There is an administrative office in 
The Hague with a small full-time secretariat. 

Financial resources of ICSU are derived from the national adherin 
bodies in the amount of $50,000 per year, together with an annua 
grant of about $200,000 from UNESCO. 

There are always a certain number of tasks which lie on the border- 
line between two or more unions, and the ICSU takes special care to 
foster such joint activities. ‘Typical examples are the Special Com- 
mittee for the International Geophysical Year (CSAGI), which was 
formed in 1953 and was dissolved in June 1959, the Special Committee 
on Oceanic Research (SCOR), 1957, and the Special Committee on 
Antarctic Research (SCAR), 1958. 

With the termination of the International Geophysical Year, under 
whose aegis the first successful probing of outer space was accom- 
plished, there was a widespread desire to continue international 
cooperation in the planning and coordination of space research as well 
as other related activities. This led to a program of International 
Geophysical Cooperation 1959 (IGC) and to the formation of several 
special committees, including a Committee on Space Research. 


C. THE COMMITTEE ON SPACE RESEARCH (COSPAR) 


By a resolution of the eighth General Assembly of ICSU, meeting 
in Washington, D.C., in October 1958, the Committee on Space Re- 
search was provisionally established for a period of 1 year ending 
December 31, 1959. A permanent committee operating under a new 
<r was cabbeauuatie established in Amsterdam, November 13, 
1959. 


The original resolution stated that the primary purpose of COSPAR 


was— 


to provide the world scientific community with the means whereby it may exploit 
the possibilities of satellites and space probes of all kinds for scientific purposes, and 
exchange the resulting data on a cooperative basis. 


At its formation, the Committee’s composition was provisionally 
established to consist of— 

(a) The representatives of national scientific institutions of 
the seven countries launching satellites or having a major pro- 
gram in rocket research; namely, Australia, Canada, France, 
Japan, the U.S.S.R., the United Kingdom, and the United States. 
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(b) The representatives of the national scientific institutions 
of three of the countries involved in tracking or other forms of 
space research on an agreed system of rotation; and 

(c) The representatives of nine international scientific unions. 

At its first meeting in London, 1958, the Soviet Union discovered 
that because the representatives legitimately nominated under section 
(c) all came from Western powers, it had only 1 seat among the 16 at 
the Committee table. During the next session held at The Hague in 
March 1959, according to the New York Times, December 5, 1959: 

The Soviet representative, Prof. Eugeny K. Federov, declared that the Soviet 
Academy of Sciences could not take part unless the Committee membership was 
revised. *” 

Negotiations were conducted over a number of months and at nu- 
merous meetings in seeking a charter for the more permanent body 
that would prove acceptable to the Soviets. 

As in the debate at the U.N., the Soviet representatives were able 
to argue effectively that the original composition not only failed to 
give them fair representation, but oabaelaly overlooked the facts of 
their professional achievements in space. On this basis of scientific 
eminence they could well qualify for and lay claim to the leadership 
of the organization, which now resides with the Western Powers. 
In purpose and format of organization, COSPAR was established to 
represent the international scientific community which traditionally 
recognizes leadership on the basis of contributions to science, not as a 
forum for enunciating accomplishments on a national basis. As a 
parenthetical observation—valid as are the professional grounds for 
the Soviets to be accorded not only equality, but a place of honor, the 


hazard exists on the basis of past actions Ys the U.S.S.R. that she 
O 


will endeavor to use such organizations as COSPAR for propaganda 
purposes. This concern will remain unresolved until further activi- 
ties within COSPAR develop so as to reveal the degree to which its 
purely detached and nonpolitical aspects may be violated, if at all. 

Details of the charter finally adopted for a permanent organization 
are given in the December 1959 issue of the News Report of the 
NAS-NRC: 


Under the new COSPAR charter, national membership is open to all national 
members of ICSU that are actively engaged in space research and to those inter- 
national scientific unions that are scientific members of ICSU and signify their 
desire to participate in the work of COSPAR. Nine of the unions have been 
accepted as charter members. 

The executive council of COSPAR will consist of nine union representatives 
and a seven-man bureau composed of the president, two vice presidents, and 
four additional elected members. One of the two vice presidents will be chosen 
from a slate presented by the National Academy of Sciences of the United States 
and the other will be chosen from a slate presented by the Academy of Sciences 
of the U.S.8S.R. The four additional-members will be chosen in equal numbers 
from lists prepared by the two vice presidents. 

Elections will take place on January 8 and 9, 1960, in Nice, France, when 
COSPAR meets for the first time under its new charter. At the same meeting, 
definitive composition of working groups, which have been functioning in pro- 
visional form, will be decided. 

Also at Nice, from January 11 to 15, 1960, the First International Space Science 
Symposium will be held. he provisional program for the symposium presently 
includes 85 scientific papers from 9 countries. Approximately 250 scientists from 
14 countries will participate.”8 


27 “Soviet To Rejoin World 8 Unit—Tentatively Accepts Change for East-West Veto Over Scientists 
Plans,” Walter Sullivan, New York Times, Dec. 5, ered 1, 14. 
; Ft —— Report, National Academy of Sciences-Na' Research Council, November-December issue, 
» D. 93. 
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The fact that the representatives to the space committee were 
originally all from Western countries contributed to its original one- 
sided composition. The new charter provides that such delegates be 
selected with broad national representation in mind—meaning that a 
fair share should specifically come from the Soviet bloc. All sub- 
stantive agreements by the executive council must be confirmed by 
two-thirds of the seven members of its bureau. The seven are to be 
elected so as to give the East and West a veto. 

There is some possibility that, although COSPAR is only indirectly 
related to the U.N., the representation problem may have had some 
effect on the prolonged stalemate in the U.N. when attempting to 
establish a permanent Committee on the Peaceful Uses of Outer 
Space. 

The relationship between activities and responsibilities of COSPAR 
and the U.N. Permanent Committee has recently been delineated by 
the Department of State, and is highlighted in the following statement 
by the President’s Science Adviser, George B. Kistiakowsky, which 
oO in the Department of State Bulletin, February 22, 1960, 

p. 279): 


When establishing the U.N. Outer Space Committee, the suggestion was made 
that the Committee should be responsible for conducting outer-space research 
itself, or at least planning research on an international scale. Notwithstanding 
our strong desire for international cooperation in space, this was thought to be 
clearly inappropriate. Because of the large resources required to provide boosters 
for space exploration it was considered necessary to keep the final decisions re- 
garding space flights in the Government’s hands. On the other hand, interna- 
tional scientific planning and cooperation was clearly desirable at the scientist 
level, without the complex governmental machinery of the U.N. that would 
inevitably have to face political issues. Therefore, the U.N. Committee will be 
concerned with the mutual exchange and distribution of information, the study of 
legal problems of outer space, the conference on outer-space exploration, and the 
general encouragement of space science. NASA will make formal agreements 
with foreign governments for scientific cooperation, but both the U.N. and NASA 
will look to the Committee on Space Research of ICSU for the scientific coopera- 
tion and planning to bring about effective international scientific collaboration. 


Even on a provisional basis COSPAR had established a number of 
working committees on: 

(a) Tracking and Transmission of Scientific Information. 
(6) Scientific Experiments. 
(c) Data and Publications. 

The first working group took cognizance of the critical importance 
of radio frequency allocation to the success of their operations, and 
accordingly studied the needs for frequency reservations in space re- 
search. In turn, they rendered a report to the CCIR meeting in Los 
Angeles, in April 1959, and more recently on August 13, 1959, made 
specific recommendations to the ITU meeting in Geneva. Details of 
the{COSPAR frequency proposals are given elsewhere in this report. 


VII. Domestic ALLOCATION oF FREQUENCIES 


A. INTRODUCTION 


As mentioned earlier, each member nation of the ITU is free 
to license or otherwise sanction transmissions of its domestic stations, 
consistent with the various services set forth in the ‘Tables of Fre- 
quency Allocation” that represent the instrument of international 
agreement. It must soon become apparent that the number of 
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operate national and international organizations thus concerned with 
telecommunication problems, plus the relevant ad hoc committees 
and various delegations to conferences, make up a formidable array of 
groups dealing with one or more phases of the problem.” (See fig. 2.) 

Within the United States, authority for allocation is divided between 
use by agencies of the Federal Government, and use by non-Federal 
organizations or individuals. By the Communications Act of 1934, 
the Federal Communications Commission (FCC) was established 
to regulate all non-Federal interests, whereas authority for allocation 
within the Federal Government was vested in the President. In 
recent years, an Interdepartment Radio Advisory Committee (IRAC) 
composed of representatives from all of the major Federal users of the 
radio spectrum has, in effect, been delegated that Presidential author- 


ity, subject to approval by the Director of the Office of Civil and 
Defense Mobilization. 


B. FEDERAL COMMUNICATIONS COMMISSION INTEREST IN SPACE TELE- 
COMMUNICATIONS 


As a matter of statutory authority, the FCC was created as an 
independent agency to regulate interstate and foreign commerce 
in communications by wire and radio. The Commission’s jurisdiction 
extends not only to private radio broadcasters and to common tele- — 
communications carriers engaged in interstate and foreign commerce, 
but to the communications activities of State and local governments 
as well. Thus, projected use of satellites as either passive or active 
links in worldwide telecommunications service, although raising 
entirely new technological ouestions, will fall within the jurisdiction 
of the FCC in such matters as it relates to licensing such devices by 
non-Federal users. The FCC also would be obliged to study non- ~ 
Federal interests with regard to the more general allocation of spectrum — 
for space use to assure freedom of existing communication from harm- — 
ful interference and to protect assignments for commercial use from 
undue encroachment by reallocation. 

In that regard, beginning in April 1957, the FCC in docket 11997 
entertained representations by various interested parties of requests © 
for allocation of frequencies in the 25-890 Me/s range. Later in 1957, © 
after the successful launching of Sputnik—1 made space exploration ~ 
a reality, the American Rocket Society submitted an abundance 
of factual data and arguments concerned with the urgent 
need to consider space use explicitly when evaluating proposed 
changes to the 1947 regulations of ITU. The statutory inquiry, 
however, was not concerned with any specific application by a po- 
tential user for spectrum assignment. In fact, through January 
1960, no specific applications have been received by FCC for non-_ 
Federal space communication, although it may well be premature to — 
freeze any channel before the state-of-the-art advances further. 

More recently, George P. Adair, appearing for the American Rocket — 
Society, noted in direct testimony of March 30, 1959— 


The extremely high cost of space vehicles and related functions will, at least — 
for a long time to come, necessitate essentially all of this work to be done by ™ 


2 The complexity of the subject is further explored and discussed in the thesis by D. R. MacQuivey q 
ee, Assignment Administrative Control,”’ American University, 1956, and in the report § 
President’s Communications Board “Telecommunications—A Program for Progress”’ completed in Marcy 
1951 (U.S. Government Printing Office.) ‘ 
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governments and not by commercial interests. Therefore, in the allocation of 
frequencies, space should be provided largely out of government bands rather 
than civilian bands. 

This problem of Federal versus non-Federal use of the spectrum 
opens issues well beyond the scope of this report, and thus can be 
discussed only briefly. 

Additional consideration was given to the matter of space telecom- 
munications by the FCC in its Fecceesings on ‘Revision of Radio 
Regulations of the International Telecommunication Union,” Docket 
12263. These studies were specifically instituted to secure the views 
of interested parties for consideration by the Government-industry 
committees working under the Department of State in preparation for 
the 1959 Administrative Radio Conference. 

The comments by the American Rocket Society submitted for 
docket 11997 were amplified and resubmitted with the statement that 
“the society urges that the United States recommend to the 1959 Radio 
Conference the allocation of frequencies” (for space telecommunica- 
tion).” These recommendations among others, were thus made the 
basis of study by the U.S. delegation when preparing for the ITU 
meeting in Geneva. 

It should be recalled, that the ultimate public policy enunciated by 
the Communications Act, as amended, is— 


to make available so far as possible, to all the oe of the United States, a rapid, 
efficient, nationwide, and worldwide, wire and radio communications service with 
adequate facilities at reasonable charges, for the purpose of promoting safety of 
life and property through the use of wire and radio communication. 


This phraseology leaves ample latitude for concern by FCC for prob- 
lems in space telecommunications as one facet of a broader domestic 
responsibility for non-Federal frequency assignments. 


C. THE INTERDEPARTMENT RADIO ADVISORY COMMITTEE (IRAC) 


Spectrum assignments within the Federal Government are effected 
by the Interdepartment Radio Advisory Committee, subject to the 
approval of the Director of OCDM. Authority and responsibilities 
have most recently been summarized in Document 3133/4—3.15 of 
OCDM dated May 15, 1959, as follows: * 


Section 103(c) of the National Security Act, as amended, provides that the 
OCDM shall advise the President concerning the coordination of military, in- 
dustrial, and civilian mobilization. One of the key elements in mobilization today 
is telecommunications. * * * 

Executive Order 10460 of June 16, 1953, as amended, assigns additional tele- 
communications responsibilities to the Director, OCDM. 

Section 1 provides * * *: 

(a) Coordinating the development of telecommunication policies and standards 
applying to the executive branch of Government. 

b) Assuring high standards of telecommunications management within the 
executive branch of the Government. 

(c) Coordinating the development by the several agencies of the executive 
branch of telecommunication plans and programs designed to assure maximum 
security to the United States in time of national emergency with a minimum in- 
terference to continuing non-Government requirements. 

(d) Assigning radio frequencies to Government agencies under the provisions 
of section 305 of the Communications Act of 1934, as amended (47 U.S.C. 305) 


and establishing policies and procedures governing such assignments and their 
continued use. 


*® The sections quoted in the following from OCDM documents and Executive orders are found in “‘Spec- 
trum Allocations,” h of Subcommittee on Communications and Power, Committee on 





and Foreign Commerce, House of Representatives, June 8 and 9, 1959, pp. 99, 105. 





34 RADIO FREQUENCY CONTROL 


(e) Developing U.S. Government frequency requirements. 

Executive Order 10460 of June 16, 1953, further provides that the IRAC shall 
report to and assist the Director in the performance of his functions as he may 
request. * * * 


eginning in 1928, the frequency assignments to stations of the Federal Govern- 
ment have been codified in periodic Executive orders, which contain a clause 
authorizing the IRAC to assign frequencies to Government stations in the interim 
between issuances of such orders. * * * the current order (10695—-A of Jan. 
16, 1957, as amended) make them subject to the approval of the Director of OCDM. 

As a matter of historical development, IRAC had its origin during 
the First National Radio Conference meeting in Washington, D.C., 
in 1922. At that time, the Chairman suggested to the Secretary of 
Commerce that interested Government departments designate rep- 
resentatives to find the most effective use of the wavelengths for 
Federal broadcasting requirements. Subsequently, IRAC has served 
in an advisory role to the President, as a study group, and has assumed 
the responsibility for the maintenance of frequency records, includin 
all particulars of assignments for Federal use. This activity, processe 
through IBM punchcards, now involves over 207,000 items of data 
representing 69,000 frequency assignments. 

The IRAC as presently constituted is composed of a main committee 
with representation from 11 Government agencies, 2 standing com- 
mittees (Frequency Assignment Subcommittee and the Subcommittee 
on Frequency Allocations) and ad hoc groups as necessitated by the 
work of the main commttee. (Some 65 task groups have been ap- 
pointed between 1952 and 1959.) 

Since its inception, [RAC has been governed by a formal framework 
of operating procedure, codified as bylaws, and most recently amended 
in November 1958. 


By virtue of its responsibilities of delineation and regulation of 
spectrum needs by the Federal Government, the membership of IRAC 
has been well represented at various international conferences of the 
ITU, and as well has participated in the preparation of position papers 
by the U.S. delegation for all radio conferences, including the most 
recent session at Geneva. 


D. RESUMH OF SIGNIFICANT INCIDENTS IN PREPARATION OF IRAC FOR 
THE 1959 GENEVA CONFERENCE 


The following pertinent items which were extracted, from OCDM 
telecommunications Memo No. 7 dated May 21, 1959, serve to demon- 
strate the long interval and scope of activities necessary for preparation 
of recommendations in advance of an international conference.* 


1. October 11, 1955: IRAC established the Select Subcommittee on Frequency 
Allocations (SSFA) to insure an equitable distribution of spectrum space among 
various radio services, provide for the most effective utilization of the radio 
spectrum, minimize harmful interference, and lay the groundwork in preparation 
for the next international radio conference (ITU), devoting increased and con- 
tinuing attention to these responsibilities. 

2. October 21, 1955: FCC was informed of the establishment of the SSFA and 
urged to work with the subcommittee. The FCC accepted in a mild way 
November 4, 1955. 

3. January 23, 1957: Transmitted to the FCC the IRAC proposal for the pro- 
tection of radio astronomy observations of the hydrogen line frequency of 1420 
Me/s from harmful interference of other radio services. Coordination was com- 
pleted in connection with proposals for changes in the national and international 
tables of frequency allocations. 


$1 Thid., p. 130. 
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4. April 11, 1957: FCC issued initial notice in matter of statutory inquiry into 
the allocation of frequencies to the various non-Government radio services 
between 25 and 890 Me/s, docket 11997. (Editor’s note: testimony offered to 
FCC in this docket included material relevant to space telecommunications.) 

5. July 1957: IRAC initial proposal for changes in the table of frequency 
allocations below 27.5 Mc/s for the 1959 ITU radio conference was forwarded to 
the Government-industry eee conference. 

6. August 12, 1957: IRAC submitted report on Select Subcommittee on 
Frequency Allocations work. Unclassified version submitted August 20. 

7. September 20, 1957: Reached agreement with FCC for the provision of 
frequencies for military ionosphere scatter circuits and initiated coordination 
with Canada. Canada deferred official comment until September 10-12, 1958, 
in Canada-United Kingdom-United States exchange of views on U.S. proposals 
for 1959 radio conference (ITU). Agreement on scatter was not reached in those 
discussions. 

8. November 27, 1957: IRAC transmitted to FCC initial proposal for changes 
in table of frequency allocations above 27.5 Mc/s in preparation for the 1959 
radio conference for IRAC/FCC coordination. December 3, 1957, starting 

int FCC/IRAC consideration of table of frequency allocations above 27.5 Me/s. 

ntensive IRAC/FCC staff consideration of the oe was continued until 
just Brag aes 11 when the proposals were officially transmitted to the FCC 
by the ; 

9. April 11, 1958: ODM transmitted to the FCC the IRAC proposals for 
revision of the national table of frequency allocations, and the revisions of chapter 
III and pertinent parts of article I of the Atlantic City (1947) Radio Regulations 
(ITU). The FCO was advised that certain changes to the national table of 
frequency allocations were of such urgency to the national defense that con- 
siderations should not await the outcome of the 1959 radio conference. These 
proposals were the result of 2 years of intensive study by the IRAC and several 
months exhaustive coordination with the FCC staff. 

10. April 16, 1958: The FCC (1) issued its fifth notice of inquiry in docket 
12263 inviting comments on proposed changes to chapter III of the Atlantic City 
Radio Regulations (editor’s note: testimony was offered concerned with space 
telecommunication), (2) adopted order FCC 58-378 in docket 12404 inviting 
comment on proposed changes in frequency allocations, and (3) adopted order 
FCC 58-379 making certain allocation changes effective immediately without 
first obtaining public comment in order to meet urgent defense requirements; 
and (4) transmitted the proposals to the Government-Industry Preparatory 
Committee for the ITU International Radio Conference (PC/IRC). 

11. September 10, 1958: Canada, United Kingdom, and United States exchange 
views on proposals for 1959 ITU; radio conference convened in Washington, 
D.C., for 3-day sessions. Results were favorable; however, the discussion indi- 
cated the U.S. proposals may not be easy to achieve internationally. * * * 

12. November 1958: Two U.S. two-man teams of telecommunications officials 
visited some 25 countries in Latin America and Western Europe to exchange 
views and discuss the tentative U.S. proposals for the 1959 Ordinary Adminis- 
trative Radio Conference, ITU. The results of the trips were beneficial. 

13. January 9-18, 1959: A small U.S. team of telecommunications officials met 
with United Kingdom officials in London, England, for a further exchange of 
views on proposals for the 1959 Radio Conference. The exchanges were helpful 
to both administrations. 

14. April 29, 1959: FCC/OCDM agreement reached on terms of reference for 
the preparation of a long-range frequency allocation plan dated April 9, 1959. 
This agreement completed the arrangements for joint FCC/OCDM long-range 
planning for future U.S. use of the radio frequency spectrum for the purpose of 
insuring the satisfactory accommodation of the present and future essential needs 
of national security, safety of life and property, international relations, and the 
business, social, educational, and political life of the Nation through the formu- 
lation and application of a dynamic program of the conservation, regulation, and 
use of the radio spectrum resource. 

The initial objective is to develop an improved pines of frequency allocations 
which could be implemented within the next 10 to 15 years. Thereafter, the 
spectrum will be kept under continuing review and additional recommendations 
will be made from time to time as appropriate. 
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E. RELATIONSHIP OF FCC AND IRAC IN THE SPACE AGE 


By virtue of the duality of authority between FCC and IRAC, 
translit clarification is offered concerning the collateral relationship 
between these two organizations; a recent summary has thus been 
extracted from the OCDM Document 3133/4-3.15 dated May 15, 
1958: 


The FCC licenses frequencies for all non-Federal Government radio stations, 
whereas the IRAC on behalf of the Director, OCDM, assigns frequencies on 
behalf of the radio stations of the Federal Government. Although the scope of 
operation of each agency can thus be clearly delineated, the activities of each 
cannot be wholly separated, since the assignment of any frequency on the part 
of one agency may effect the assignments of other frequencies by the other agency. 
Each body, therefore cannot assign frequencies with complete impunity but must 
do so only after coordination between them. Such coordination is achieved b 
the attendance of the Commission’s liaison representative at joint FCC/IRA 
meetings. To summarize: The IRAC and the FCC are completely independent 
bodies having equal authority and responsibility within their individual areas of 
interest which coordinate matters of mutual interest through the medium of joint 
FCC/IRAC meetings. To augment this arrangement, a memorandum of agree- 
ment has been entered into between IRAC and FCC dated October 1940 and cur- 
rently valid. 

After effecting the coordination outlined in the agreement, final action can be 
taken by either organization without further reference to the other. However, 
each has never, throughout the years, failed to take cognizance of the comments 
of the other. ‘That this is so is indicated by the fact that of the many thousands 
of frequency actions that have been consummated by the FCC and the IRAC 
only a very insignificant percentage have resulted in cases of harmful interference.™ 


On this note of frequency protection, there appears to be unanimous 
agreement from all participants that the cooperative arrangements 
between FCC and TRAC have been eminently successful. Both the 
Congress and the executive branch, however, have been increasingly 
concerned as to whether the exploding growth of telecommunications 
has made obsolete the statutory basis of relationships between FCC 
and IRAC/OCDM, through the Communications Act of 1934, not- 
withstanding a number of amendments made thereto. 

Particular attention has been drawn to the unprecedented demands 
and significance, vis-a-vis telecommunications, of space exploration, 
and the development of space weapons. 

President Eisenhower, in recognizing the importance of telecom- 


munications, declared in a letter to Speaker Rayburn dated July 28, 
1958, that— 


changing technology along with changing needs in Government and non-Govern- 
ment areas present problems in the telecommunication field which require search- 
ing examination. he situation is becoming no less complicated by prospective 
developments in satellites and space vehicles as well as defense weapons systems. 
Thus it has seemed to me that a fresh examination of the role of the Federal 
Government in this field would be desirable. 


Subsequently, a Special Advisory Committee on Telecommunica- 
tions was established by the OCDM, with Victor E. Cooley, as 
Chairman. It rendered its report to the Director of OCDM on 
December 29, 1958. In its introduction, the Cooley report states: 


While landline and submarine cable facilities are capable of expansion almost 
without limit, such is not the case with the radio spectrum. There is only one 
such spectrum, the usable band of which extends in the present state of the art 
to about 30,000 me/s—a frequency of about 30 billion eycles per second. This 
figure may give the impression of an inexhaustible supply, but unfortunately all 
parts of the spectrum are not equally usable. Different parts have different 
characteristics, many being very useful while others have little or no current 


% Tbid., p. 110. 





RADIO FREQUENCY CONTROL 37 


application. In consequence, requests for frequencies having the most favorable 
oneraacereHer are of sufficient volume often to cause an excess of demand over 
ne he ‘importance of efficient use of the spectrum is emphasized from a national 
security standpoint by the expanding need of radio channels in the Department 
of Defense. Not only have all branches of the military become increasingly 
dependent upon porns use for communications, but the engineering design of 
space vehicles and many of our most modern weapons makes the use of radio 
channels essential to their operation and direction. Also urgent is the increased 
need of frequencies for modern airplane operation and other important services 
are equally demanding.® 

The Cooley report then went on to describe the current mechanism 
of dual control over the radio spectrum, to outline the considerations 
leading to a conclusion, and certain conclusions regarding the need 
for further study. ‘The Cooley Committee, however, was clear in 
suggesting that one important administrative solution to the emerging, 
if not current, problems of spectrum management lay in the establish- 
ment of a National Telecommunications Board. 


F. INTEREST BY THE 86TH CONGRESS AT ITS 18T SESSION IN TELECOM- 
MUNICATIONS POLICY 


The issues involved, and the congressional interest in a national 
telecommunications policy are considerably beyond the scope of this 
study. However, a digest of recent activities is cited, particularly as 
background to material developed su uently of the interlocking 
interests that various committees of the Congress may have in radio 
frequency control for space telecommunications. 

Both the 85th and the 86th Congresses have undertaken reexam- 
ination of policies and procedures concerned with spectrum allocation, 
but thus far no major legislation has been enacted. On June 18, 1957, 
Senator Potter introduced Senate Joint Resolution 106— 

To establish a commission to investigate the utilization of the radio and television 
frequencies allocated to the agencies and instrumentalities of the Federal 
Government. 
The Senate Committee on Interstate and Foreign Commerce, to 
which the joint resolution had been referred, recommended that it 
pass with amendments,” This action was particularly stimulated by 
claims of dissatisfaction from the broadcasting industry that, with the 
duality of the FCC/IRAC relationship, competing needs between 
Federal and non-Federal users were being settled predominantly in 
favor of Federal assignment. ‘The committee report notes letters on 
the proposed study received from numerous executive agencies, includ- 
ing the Comptroller General, OCDM, Departments of State, Air 
Force, Treasury, Agriculture, Commerce, and the FCC. Comments 
ranged from expressions that adequate machinery already existed, to 
statements of active opposition to further study. 

Subsequently, the resolution passed the Senate on July 21, 1958, 
was referred to the House committee'on August 2, 1958. In view of 
lack of support by the operating agencies, despite favorable action 
by the Senate and House Committees. on Interstate and Foreign 
Commerce, the resolution did not receive approval by the House of 
Representatives. 


8 Tbid., p. 40. 
* Rept. 1854, U.S. Senate, 85th Cong., 2d sess., July 18, 1958, p. 1. 





38 RADIO FREQUENCY CONTROL 


The 86th Congress, mindful of the growing problems in utilization 
and conservation of the radio spectrum again took cognizance of the 
need for study. Notwithstanding prior arguments by the Executive 
agencies, the President also recommended immediate study. A diary 
of relevant events follows: 


1. Mareh 3, 1959: The President recommended to the Congress that the 
Congress establish a Special Commission on Telecommunications to be composed 
of five members appointed by the President. Draft legislation to be furnished 
by the Director, ODCM. 

2. March 9, 1959: House Joint Resolution 292 introduced in the 86th Congress, 
Ist session by Representative Bray. This resclution is the same as the Senate- 
amended version dated July 22, 1958, of Senate Joint Resolution 106 introduced 
by Senator Potter June 18, 1957. 

3. March 10, 1959: Senate Joint Resolution 76 introduced by Senator Mag- 
nuson, chairman of the Senate Committee on Interstate and Foreign Commerce. 
This is the resolution recommended by the administration March 3, 1959. 

4. March 27, 1959: The report of the Special Advisory Committee on Tele- 
communications dated December 29, 1958, was transmitted to the Congress. 

5. April 7, 1959: House Joint Resolution 331 introduced by Representative 
Harris, chairman of the House Committee on Interstate and Foreign Commerce. 
This is the resolution recommended by the administration March 3, 1959. 

6. May 11, 1959: H.R. 7057 introduced by Representative Harris. This is 
the draft bill recommended by the Special Advisory Committee on Telecommuni- 
cations to establish a three-member board in the Executive Office of the President; 
i.e., “to provide the President with the means to discharge satisfactorily his 
responsibilities in connection with national telecommunication resources including 
the Government’s use of the radio frequency spectrum,”’ 

7. The Subcommittee on Communications and Power of the Committee on 
Interstate and Foreign Commerce of the House held hearings on June 8 and 9, 
1959, pursuant to the entire gamut of allocation problems. (See footnote 30.) 

8. Following these hearings and deliberation by the committee, Representative 
Harris introduced a new bill H.R. 8426 on July 28, 1959, concerned wit “strength- 


ening the authority and procedures for more efficient utilization of the radio spec- 


trum, with a view toward serving present and future requirements of the national 
security, of international relations, of economic, social, educational, and political 
activities in the United States and the public interest generally.” Title II of the 
bill would create a Frequency Allocation Board composed of three members 
appointed by the President, with power to allocate channels for Federal and 
non-Federal use. Title III of the bill would amend section 305(A) of the Com- 
munications Act of 1934 in creating the post of Government Frequency Adminis- 
trator for the management of Federal Government assignments. At this writing, 
the bill was still in the committee. 

As related to space telecommunications, questions of jurisdiction 
over domestic frequency allocation are far from academic. If new 
channels must be opened up for Federal use in space exploration, will 
they come from Federal or non-Federal parts of the spectrum? 

More significantly, when either active or passive satellite repeater 
stations are proved feasible for long distance transmissions, an en- 
tirely new concept of worldwide communication may emerge which 
would afford a unique potential as an instrument of international 
affairs, and could serve as one practical demonstration of the peaceful 
uses of outer space, particularly in aiding undeveloped nations. These 
developments could be impeded if controversy over or default in 
frequency allocation occurs without prompt solution. 

There are many administrative, if not technical, facets of this 
notion which need far more elaborate study, but it is clear that there 
would have to be made available a portion of the spectrum not now 
employed for this service. Band widths required may be far greater 
than anything now visualized in order that the investment in launch- 


43 Items 1-6, ibid., p. 143. 





RADIO FREQUENCY CONTROL 39 


ing a communications satellite could pay off in terms of simultane- 
ously affording a large number of communication channels. The 
technical demands for such a system are discussed later, but regard- 
less of the place in the spectrum found optimum for this service, a 
problem in frequency allocation can surely be anticipated. 

Based on the agreements at Geneva of wonoer pA bands for Earth- 
space service, it would fall within the peste of the Frequency Allo- 
cation Board proposed in the Harris bill to parcel out certain of these to 
insure efficient and equitable use within the United States by both 
Federal and non-Federal users. In any event, within present statutes, 
the FCC has the authority to license commercial stations in Earth- 
space service. 

It should be recalled that the issues involved may be mmediate, 
not hypothetical; already, first steps toward such a system have 
been taken. On December 18, 1958, the United States launched 
a satellite identified as Project Score which thrilled the world with 
successful human voice transmission by recording a message from 
the President beamed to it from the ground and rebroadcasting it on 
command. Although primitive in performance, this initial experi- 
ment well proved the feasibility of the concept of an active communi- 
cations satellite. Future technical demands for spectrum by com- 
munication satellites are discussed subsequently in section VIII-E. 


VIII. Spectrum DeMANDs FoR Space COMMUNICATION 
A. PRESENT PRACTICE 


An exceedingly vital factor of success in all experiments with space 
vehicles, both scientific and operational, is effective and completely 
reliable radio communication between these vehicles and the Earth. 
The tracking of artificial satellites and space probes must be accom- 
plished almost exclusively by radio techniques, and radio transmis- 
sions are the only practicable means utilized thus far for scientists 
to obtain data from an experiment in progress, whether it is to meas- 
ure performance of the test vehicle itself, or to observe the intensity 
of radiation fields around the Earth, for example, or to photograph 
the occulted side of the Moon. Also, in some instances, space probes 
either collect data or are instructed to perform various evolutions on 
radio command from the Earth. Experiments involving man-in-space 
will depend critically on radio contact between astronauts and ground 
stations. Moreover, there is a distinct possibility that communi- 
cation satellites will become utilized as international telecommunicz- 
tion links in the next 10 years for which occupancy in the radio 
spectrum must be anticipated.” * In any event, in all experiments 
or applications of space vehicles, the guarantee of uncluttered radio 
communication between these vehicles and the Earth, or between two 
or more vehicles in space itself, is critical. 

% In connection with Project Mercury, “provision would be made for two-way communication between 
the pilot and ground stations during flight. Equipment would include a two-way voice radio, a receiver 
for commands from the ground, telemetry equipment for transmission of data from the capsule to ground 
stations, and a radio tracking beacon.” ‘‘ Project Mercury: Man-in-Space Program of the National Aero- 
nautics and Space Administration’’, 8. Rept. 1014, December 1959, p. 11. 

7 “Space Handbook: Astronautics and its Applications’’; Staff re: —Select Committee on Astronautics 
and oe Exploration; House of Representatives, Doc. 86; December 1958; GPO; pp. 202-204 


“The Next Ten Years in Space—1959-1969”; staff report, Select Committee on Astronautics and Space 
Exploration; House of Representatives, Doc. 115; February 1959, pp. 36-37 
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Until now, these radio frequencies have been chosen more or less 
incidentally. Until the 1959 conference in Geneva, no provision in 
international agreement existed concerning space telecommunications, 
and thus each nationfconducting experiments was free to select fre- 
quencies for its own’ convenience, presuming that other provisions 
of ITU regulations were not violated. This practice is clearly un- 
desirable. With an inevitable increase in types of radio com- 
munication, a chaotic situation is certain to occur wherein, for experi- 
ments in space, harmful interference may cause loss in transmission 
intelligibility with a resulting severe disappointment at the least, and 
even possible loss to life and property. 

The frequencies of radio transmission thus far employed by Russian 
and American teams for satellites and space probes are listed in table 2. 
The 108 Me/s channel had been adopted by the Special Committee for 
IGY (1956~59) in full recognition that such a choice was both arbi- 
trary and temporary. As noted in the table, the Russians did not 
adhere to this IGY agreement but chose 20.005 and 40.002 for Sput- 
niks I and II, and 19.997 and 183.6 for Lunik. Certain of these trans- 
missions were on frequencies adjacent to those set aside previously 
by ITU for standard frequency use, and some interference with these 
signals has been alleged at receivers during the brief interval the 
vehicle was overhead. Why the Soviets chose this frequency is open 
to speculation. They may already have had equipment constructed 
prior to the IGY agreements, or they may have found from subsidiary 
studies that these channels had optimum propagation characteristics. 
Although the apparently illicit frequency selection by the Russians 
has been widely discussed and criticized, there must have been a 
strong desire on the part of the Soviets to select a channel for reception 


of Sputnik signals free of interference from existing terrestrial stations. 
The cost of experimental launchings is so gigantic and the risk of losing 
scientific data so unnerving, it is doubtful that any launching team 
would choose a channel which might vitiate success of an experiment 
by being already occupied, and which would reciprocally cause serious 
interference with other transmissions. 


*® Aaronson, Michael, “Space Law” in symposium on space law, Special Committee on Space and Astro- 
nautics, U.S. Senate, Dec. 31, 1958, p. 280. 
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In no way does this point minimize the hazard of interference, but 
perspective in the matter of past transgressions calls for positive 
action for the future with the hope of full international agreement. 


B. FACTORS AFFECTING FREQUENCIES FOR SPACE USE 





The frequency dependence of radio propagation characteristics and 
certain other technical factors has been summarized previously. As it 


relates to space telecommunications, only certain parts of the spectrum 
will be found useful. 

In the first instance, either for purposes of active tracking of a 
satellite trajectory— or for the purpose of conveying scientific informa- 
tion from space probes and orbiting vehicles, radio communication 
with ground-based receivers must pass through the Earth’s atmos- 
phere. These lower layers of troposhere and upper layers of iono- 
sphere are frequency selective, so that some signals are allowed to 
pass through what may be considered a “spectrum window” in a 
straight-line path between the space vehicle and the Earth. At other 
frequencies, the electromagnetic ene may be reflected, refracted, 
or absorbed so that the signal is severely attenuated. 

Other factors demanding consideration are the modest transmitter 

ower that would be available with the relatively light-weight pay- 
oads of the immediate future. Furthermore, the service itself sug- 
gests the utmost in simplicity and compactness of antenna arrays. 

On the basis of lower power and spectrum windows alone, all sectors 
of the spectrum cannot be regarded as equal candidates for space 
communication, even if they were unoccupied and available; consider- 
ing existing commitments, channels for this new service are clearly 
limited. 

Factors affecting frequencies for space communication are sum- 
marized in CCIR Document 662-E of April 25, 1959: 
me principal ranges of frequencies pass readily through the atmosphere. 

hey are: 

1. The range between ionospheric critical frequencies and frequencies absorbed 
by rainfall and gases (about 10—-10,000 Me/s). 

The upper limit of this range may be as low as 5,000-6,000 Mc/s during heavy 
rainstorms and the lower limit may be as high as 80-100 Mc/s depending upon 
the degree of solar activity, the location of the Earth terminal, and the geometry 
of the signal path. On the other hand, the ‘‘window’”’ may extend from as low as 
2 Me/s for polar locations during nighttime periods to as high as 50,000 Me/s at 
high-altitude rain-free locations. 

2. The combined visual and infra-red ranges (about 10* to 10° Me/s). 

3. The atmosphere is also known to be partially transparent in a third range 
below about 300 ke/s. 

To determine optimum frequencies, the intensity of background (cosmic) noise 
within the radio “‘window’’ must also be considered. 

For antennas of fixed aaoeae size, high frequencies have the advantage of 
— gain, but the disadvantage of narrow beam widths and associated tracking 
problems. 

High speed vehicles traveling so that the distance between transmitter and 
receiver is rapidly changing, have apparent frequencies differing from the actual 
transmitter frequency by the “doppler” frequency shift. (Editor’s note: Space 
in the spectrum between adjacent channels must accommodate this shift without 
harmful overlap.) 7 

Transmission time delay will become substantial in outer space communica- 
tions, e.g., 2.6 seconds being required for a round trip radio signal to the Moon. 
This time delay is essentially independent of operating frequency. 

Although great distance is involved, the propagation medium in space beyond 
the first 500 miles of the Earth’s atmosphere is believed to be essentially trans- 
parent to radio waves. Thus, we may estimate performance (in outer space) on 
the basis of free-space propagation. 
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For communication between vehicles in outer space, free-space propagation 
conditions apply over a wide frequency range. Frequencies above or below the 
Earth’s radio window can be expected to minimize interference problems with 
operations on Earth. These frequencies will be below about 10 Mc/s or above 
pe 10,000 Me/s. Selection of an optimum frequency can be based on free- 
space propagation but requires an estimate of noise powers in outer space, par- 
ticularly as to the radio noise at frequencies between 2 and 10 Mc/s. Frequen- 
cies below 2 Mc/s are considered impracticable because of antenna sizes required 
and the substantial plasma frequencies probably occurring in outer space during 
periods of severe magnetic storms. If radio noise is excessive below 10 Me/s 
and if antenna orientation problems limit the use of high-gain antennas, the 
optimum frequency for communication between space vehicles may fall within 
the 10 to 10,000 Mc/s radio ‘‘window.”’ 

As more elaborate space vehicles capable of maintaining attitude and employ- 
ing directive antennas are developed, the receiver input power will increase with 
frequency and the background noise level will no longer determine the optimum 
frequency. The optimum frequency will be governed by a compromise between 
maximum practical physical antenna size and the minimum antenna beam- 
width consistent with acquisition and tracking techniques. 

The optimum frequency for communication between outer space vehicles is 
unknown. It will depend upon radio noise in outer space and upon the ability 
of the vehicles to maintain attitudes and thereby use directional antennas.” 


C. FREQUENCY PROPOSALS TO ITU FOR SPACE TELECOMMUNICATIONS 
SUBMITTED BY CCIR AND COSPAR 


When the International Telecommunication Union voted to become 
a specialized agency of the United Nations ae the Conference at 
Atlantic City in 1947, its scope of activity was redefined to include— 


transmission, emission, or reception of signs, signals, writing, images, and sounds 
or intelligence of any nature by wire, radio, visual, or other electromagnetic 


systems. 

Thus, communications between the Earth and space vehicles or be- 
tween two or more space vehicles, although not specified, are clearly 
within the ITU cognizance. 

It was with this anticipation that proposals concerning space tele- 
communications were made to a number of the CCIR study groups 
when meeting separately as far back as 1956. Again, as in the case 
of testimony before the FCC, acknowledgment should be made of the 
initiative of the American Rocket Society, in preparing background 
data on specific frequency requirements, and the critical need for 
international regulation of space telecommunications. 

By the time of the 1959 Los Angeles meeting, a solid background 
had developed, and study groups V and VI were prepared to make 
recommendations for deliberation and vote by the plenary assembly 
for transmittal to the Conference in Geneva which was scheduled to 
meet immediately after. Text of the recommendations is extracted 
in the following passage from Document 531-E of April 22, 1959, 
entitled: ‘Selection of Frequencies Used in Telecommunications With 
and Between Artificial Earth Satellites and Other Space Vehicles.” * 

Other considerations particularly concerned with satellite identi- 
fication became the subject of CCIR study by group VIII and their 
recommendations became the core of Document 670-E, entitled 
“Monitoring at Fixed Monitoring Stations of Radio Transmissions 
From Space Vehicles,’’ which is also reproduced in the following.” 


an —a Session, International Radio Consultative Committee, Document 662-E, Los Angeles, 
Tibia, Document 531-E. 
*® Ibid., Document _670-E. 
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IXth Plenary Assembly Doe. 531-E 
C.C.LR 22 April 1959 


Los ‘Angeles, 1959 


DRAFTING COMMITTEE 


The drafting committee, after examination of Doc. No. 75-E, from Study 
Groups V and VI, submits the following for the consideration of the Plenary 
Assembly. 


RECOMMENDATION No. 259 


SELECTION OF FREQUENCIES USED IN TELECOMMUNICATION WITH AND BETWEEN 
ARTIFICIAL EARTH SATELLITES AND OTHER SPACE VEHICLES 


(Questions No. 168 (V) and 169 (VI)) 


(Los Angeles, 1959) 
The C.C.I.R., 


CONSIDERING 


(a) that transmission of radio signals between the Earth and artificial Earth 
satellites and other space objects is now an established fact; 

(b) that such extraterrestrial objects may well be consecutively above different 
countries of the world, thus necessitating international collaboration; 

(c) that radiocommunication between extraterrestrial objects and the Earth and 
among extraterrestrial objects will be of importance; 

(d) that such radiocommunication will be affected by the terrestrial troposphere 
and ionosphere, and by ionization, radio-frequency noise, and man-made inter- 
ference in space, as well as by relative velocities; 

(e) that the study of the effects of the ionosphere on such communications may 
be facilitated by comparison of HF signals with VHF or UHF signals since the 
ionospheric effects are larger on the lower frequencies; 

(f) that while frequencies for communication with objects in extraterrestrial 
space are being selected at present on the basis of particular communication 
requirements and technological capabilities, the inevitable increase in this type of 
communication is likely to lead to a chaotic situation in the radio spectrum; 

(g) that no provision for such communication was made in the Table of Fre- 
quency Allocations (Atlantic City). 

(h) that Report No. * * * (Doc. No. 75) presents a treatment of the technical 


factors affecting the selection of frequencies for telecommunication with and 
between space vehicles; 


RECOMMENDS 


1. that several small frequency bands well spaced throughout the HF and higher 
bands should be reserved on an international basis for telecommunication services 
with and between space-vehicles; 

2. that for services involving communication among space vehicles in inter- 
planetary space, additional consideration be given to the use of frequencies which 
do not significantly penetrate the terrestrial ionosphere or troposphere (roughly 
below 1 Me/s or above 50,000 Mc/s respectively); 

3. that special and particular consideration be given to the provision of at least 
two narrow frequency bands between 19 and 54 Me/s to permit study of the 
effects of the ionosphere on communications passing through it; 

4. that in determining the widths of allocated bands particular account be 
taken of Doppler shifts in frequency associated with high relative velocities. 
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IXth eee. Assembly Doc. 670-E 
C.C.1.R. 
Los Angeles, 1959 


24 April 1959 
DRAFTING COMMITTEE 


The Drafting Committee, after examination of Doc. 417—E, from Study Group 
VIII, submits the following for the consideration of the Plenary Assembly. 


QugEsTIon No. 188 (VIII) 


MONITORING AT FIXED MONITORING STATIONS OF RADIO TRANSMISSIONS FROM 


SPACE VEHICLES 
(Los Angeles, 1959) 

The C.C.LR., 

CoNSIDERING: 

(a) that the rapid advances in recent years in space technology, including the 
successful launching of Earth satellites, portend greatly expanded activity in 
outer space, including the likely eventual establishments of ‘‘space platforms’; 

(b) that ratio will play a major part in these space activities as regards com- 
munication, navigation and data collection and transmission; 

(©) that space platforms might find a variety of uses in the telecommunications 
field; 

(d) that the accurate measurement at a fixed monitoring station of frequency, 
spectrum occupancy and certain other technical characteristics of emissions from 
transmitters on the space vehicles and platforms will tend to be more difficult 
than on fixed or relatively slow moving transmission sources on or near the Earth; 

Deciwes that the following question be studied: 

1. to what extent will the techniques of measurement from fixed monitoring 
stations on the Earth of transmission of vehicles in space differ from those for 
transmissions originating from or near the Earth; 

2. what are the requirements for specialized equipment or associated facilities 
for performing frequency, spectrum occupancy, and other measurements of 
transmissions from vehicles in space; 

3. what practical means can be devised for the identification by monitoring 
stations of transmissions from specific space vehicles? 


Also at the Los Angeles sessions of CCIR, it was decided to merge 
study groups IV and V into a single new group (Space Systems) “‘to 
study systems of telecommunications with and between locations in 
space.” 

Early in 1959, the Committee on Space Research (COSPAR), estab- 
lished within the International Council of Scientific Unions, ICSU, 
nee a working group to undertake study of needs for spectrum 
allocation for space use. It first considered the recommendations by 
CCIR developed at Los Angeles. COSPAR, however, was of the view 
that the provision of a small number of frequency bands was inade- 
quate to satisfy requirements for communications during the next 10 
years, and subsequently undertook the preparation of a subsidiary 
set of proposals. These were forwarded to the ITU by the president 
of COSPAR, Prof. H. C. van de Hulst, on August 13, 1959. Relevant 
portions have been extracted in the following: 

Like CCIR, COSPAR is not competent to propose precise frequency reserva- 
tions to your conference. However, on the basis of our studies it is quite well 
possible to mention the minimum requirements to carry out the first steps effi- 
ciently, and also to estimate the needs for some more years to come. Therefore, 
we respectfully submit for your consideration the following summary of COSPAR’s 
views. 

IMMEDIATE NEEDS 


1. COSPAR recommends the allocation on an international basis of exclusive 
frequencies for the purpose of space research; these frequencies should not be those 
allocated to radio astronomy. 
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2. COSPAR draws attention to the fact that for the immediate needs for track- 


ing and telemetry purposes at least one frequency in each of the following bands 
are desirable: 


Additional 
bandwidth 
Frequency region Bandwidth for intelligence uired for 


oppler 
allowance 


ke/s 


3. COSPAR emphasizes that unprecedented opportunities for ionospheric 
research by means of CW transmissions from satellites will arise if allocation is 
made of one frequency band in each of the following regions: 


Frequency region: Bandwidth ke/s 
About 5 Me/s 
About 10 Me/s 
About 20 Me/s 


Importance is attached to the harmonic relationship rather than the precise 
frequency mentioned. 

The frequency in the 30 to 100 Me/s region is desirable both for long range 
telemetry and as a complementary frequency for ionospheric research. 

4. As radio astronomical observations will also be carried out from satellites 
and space probes, COSPAR supports strongly the requests which are now being 
made for frequency allocations for radio astronomy. 


NEEDS FOR THE COMING 5 OR 10 YEARS 


5. Within the next 10 years more and more satellites will be in orbit simulta- 
neously at any given time. The bandwidths needed will proportionally increase. 
COSPAR has already urged that provisions be made for silencing transmitters 
in satellites after their useful henry 

6. As the satellites become larger and more complicated, the information- 
handling requirements will inevitably become much greater and the band needed 
for any one satellite will correspondingly increase. 

7. Particular examples of programs requiring wider bandwidths are: 

(a) A weather satellite which stores cloudcover information over a com- 
plete orbit might require a bandwidth of 4% Me/s or more. 

(b) High definition television associated with meteorological, lunar, and 
planetary observations, will sequins bandwidths of the order of 5 Me/s in 
the frequency ranges 300-3,000 7 

(c) Instruments landed on the Moon—a definite possibility in 10 years 
or so—will again result in very large information transmission problems, 
again requiring wide bandwidths, even if the most efficient means of com- 
munication are used. 

8. In view of the considerations expressed above, Cospar recommends that at 
least 12 Me/s of bandwidth be reserved by international agreement for the pur- 
poses of space research, spread approximately as follows: 

1 Me/s in the lower part of the 100-300 Mc/s region. 

1 Me/s at the lower end of the 300-1,000 Me/s region. 

10 Me/s at the upper end of the 300-1,000 Mc/s region or at the lower end of 
the 1,000-3,000 Me/s region. 

9. Frequency bands required for telecommunications between points on different 
parts of the earth by means of passive or active use of artificial satellites are not 
included in the estimates made above.® 

Prof. H. C. van pe Hutnst, 
President of COSPAR, 


4 Communication from The Hague, August 13, 1959. 
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D. FREQUENCIES FOR SPACE USE PROPOSED BY THE U.S. DELEGATION 
TO ITU 


Since a comprehensive analysis of preparations for the 1959 Admin- 
istrative Radio Conference in Geneva is beyond the purpose of this 
report, only those aspects bearing directly on frequencies for space 
use are examined, 

It should be recalled that the international agreements reached at 
sessions of the ITU take on the form of multilateral treaties with all 
of the obligations and implications that such action entails. The 
Secretary of State, as the representative of the President in all inter- 
national affairs, is responsible for appointing and instructing the 
U.S. delegation to the ITU. The Tcdheptuuentibications Division in 
the Department of State is the channel for technical consideration 
within the Department for coordination with other Government 
agencies, and for communication between the delegation and the 
several Government agencies concerned with frequency allocation. 

The scope of agenda and degree of advance preparation for a con- 
ference thus incumbent upon States-members is suggested by the 
preconference printing of the present radio regulations which include 
initial proposals for changes. The Text of Frequency Allocations 
contains some 2,138 current provisions, and 3,199 items in the form 
of advance proposals. These staff materials distributed prior to the 
meeting totaled some 869 pages. That a number of years are neces- 
sary to explore all of the technical, economic, and political ramifica- 
tions of such changes is indicated by the résumé of significant incidents 
published by IRAC, which cited October 11, 1955, as the occasion 
when note was first taken by that organization of formal preparations 
for the 1959 conference. 

A large number of individuals obviously participated in numerous 
study groups which formulated the U.S. position. Appointments to 
the U.S. delegation were announced by the Department of State on 
August 7, 1959, are given in appendi B. 

Without being bound by any precedent for Earth-space service and 
with expiration of the IGY frequency agreements, it was the U.S, 
delegation to ITU which took the initiative in submitting a formal 
set of proposals for space service based on technical considerations of 
the sort outlined previously wherein the most effective transmissions 
could be expected. The eight channels initially proposed were: 


25.60-25.65 megacycles per second 
135.0—-136.0 

1700-1725 

1825-1850 

2275-2300 

8300-8400 

15150-15250 

31500-31800 


The U.S. proposal visualized these channels as multiple use, with 
priorities given to Earth-space and space-space service. The United 
States also plannedjto support a 1400-1427 Mc/s band for radio 
astonomy. 

In the course of the Conference, the United States added the 


400.0-401.0 Mc/s band to its earlier list of eight for Earth-space 
service. 
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The Soviet delegation had taken a somewhat different position in 
not proposing specific frequency bands for space vehicle communica- 
tion, thus regarding such transmissions as imbedded in an existing 
fabric of assignments for fixed and mobile stations. Implications of 
this stand are dissected later. 

The U.S. position on Earth-space service might first be evaluated 
in terms of the report of the U.N. Ad Hoc Committee on the Peaceful 
Uses of Outer Space, the recommendation of CCIR, and the proposals 
of COSPAR.* Of these, the proposals by COSPAR were the most 
specific and, in some regards, the strongest. Furthermore, by being 
more recently prepared, the COSPAR position had the benefit of 
up-to-date published results on propagation characteristics of the 
upper atmosphere collected by various artificial satellites and space 
probes, and in turn more prolonged and thorough digestion of data 
by scientific authorities in the field. 

With regard to identification of a new Earth-space service, and the 
reservation of a plurality of specific bands, the U.S. position was con- 
sistent with most of the CCIR and COSPAR proposals. One main 
exception lies in shared rather than exclusive allocation. The United 
States thus went into the Geneva meeting as a friend in court of the 
scientific community, which itself would have a voice only through the 
States-members. 

The question might well be raised as to the technological or political 
grounds for the Soviet position in not requesting any specific alloca- 
tions for space use. ‘Their stand is all the more interesting in view of 
the lead which they had established in the space race, at least regarding 
the size of boosters and extent of space explored, if not actual scientific 
accomplishments. Moreover, their need for integrity of radio com- 
munication during space experiments is no less critical than ours, and 
their communication technology is no more exempt from harmful 
effects of interference. 

Two major factors appear to be involved: the difference in geog- 
raphy and the differences in political alliances throughout the world. 
The great land mass of the U.S.S.R. and the exercise of rigid internal 
discipline over emissions within its borders permits the Soviets to con- 
trol use of the airwaves and thus to prevent harmful interference over 
a much greater portion of a satellite traverse than is possible within the 
more compact continental boundaries of the United States. That is, 
orbiting satellites are simply over Russian territory a longer time than 
over the United States. Both data-reception centers and tracking sta- 
tions can be more widely separated than is possible in our country. 
Thus, through domestic control over spectrum use, the Soviets can be 
relatively well assured of freedom from interference, at least in certain 
bands. 

In our case, the problem is more serious. The Minitrack network, 
for example, is already extended outside the United States in Antigua, 
Ecuador, Peru, Chile, Australia, and South Africa, and new stations 
are planned for Newfoundland, and England. Agreements for sta- 
tions on foreign soil have been negotiated successfully by the Depart- 
ment of State, but their utilization could be sharply impaired by the 
presence of unintentional interference from domestic stations in these 

44 It should be recalled that CCIR is composed of technical study groups which have served as consulting 
bodies, and which have made recommendations for ITU action on a wide variety of subjects. Their recom- 
mendations are available to all states members of ITU for possible oe 


nm into specific proposals. 
With changes in procedure, CCIR may now submit formal proposals to I at, if seconded, will Be treated 
as are proposals from states members. 
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friendly countries. It is thus far more urgent for the United States to 
pursue international agreement on frequencies than it may initially 
be for the Soviets. As is pointed out subsequently, however, in some 
cases such as radio astronomy where the signals to be received are so 
feeble, and the propagation characteristics in that part of the band 
permit the scatter of electromagnetic energy around the entire globe, 
the need for worldwide protection of frequencies for space service may 
be of equal importance to the own Russians.“ 

Except in the Soviet bloc of nations, including Red China, it must 
be presumed that the Russians have no equivalent network of tracking 
stations, nor with the present political alinement, have they the same 
promise for international cooperation as has the United States. 
Changes in this limitation lie in future international cooperation which 
is being developed through the COSPAR on the same basis as had 
been accomplished for IGY. This technical reason may be one 
among many of the factors that would give the Russians pause in 
continued self-exclusion from these activities as they had in the case 
of the U.N. ad hoe committee, although, as noted earlier, the partici- 
pation by the Soviets is pretty much on their own terms. 

Inasmuch as the Geneva Conference was adjourned in December 21, 
1959, complete minutes of the meetings were not available at the time 
this report was prepared. However, all of the changes to radio 
regulations relevant to space service have been provided by coopera- 
tion of the Department of State and are given in section X, pages 81-85. 

Although in one form or another, most of the U.S. proposals have 
received attention, one or two technical details deserve elaboration. 
The original network of Minitrack stations for satellite tracking was 
established with equipment designed to operate on roughly 108 Mc/s. 
This selection was made in 1955, however, with recognition that no 
reservation had been made by the ITU for this service. The 136-137 
Mc/s approved by the ITU may provide better propagation charac- 
teristics, improvement in operation with less interference and back- 
ground noise. Some existing items of equipment may be modified 
for the new frequencies; some may require replacement. 

Other frequency bands which have been earmarked for Earth-space 
service are sufficiently close to those proposed, that the sought-for 
advantages in terms of propagation characteristics should be realized. 
The major exception lies in the lack of agreement on the 1825-1850 
Me/s regime. 

On the other hand, the award of the 1427-1429 Mc/s channel, not 
included in the original U.S. proposals, offers a major gain in its being 
immediately adjacent to the band reserved for radio astronomy. 
Thus, the large reflectors and sensitive receiving equipment that are 
especially built for tuning in the 1420 Me/s hydrogen line may be 
readily employed in space experiments as components in communica- 
tion systems; this action offers the promise, at least, of some economies. 

In many cases, the Earth-space service is provided only on a shared 
basis. The foot-in-door implications of having this type of recogni- 
tion are discussed subsequently. 

Of greatest significance, however, is the recognition given both to 
demands for this service, and to the dynamic character of space 


4 In fact, for radio astronomy observations, the Russians did propose reservation of a set of eight fre- 
quencies in advance of the Geneva meeting itself: 


322.0-329.0 M 3,165-3,195 Me/s 5,800-5,815 Mc/s 
Me/s c/s 


7 a7 


3,400-3, 
4,800-4,810 Mc/s 





52 RADIO FREQUENCY CONTROL 


research, such that reconsideration of these provisions cannot be de- 
ferred, say for 10 years, until the next Ordinary Administrative Radio 
Conference. An extraordinary conference has been proposed for 1963, 
as outlined in Recommendation 35, and should go far toward per- 
mitting reevaluation of decisions reached at Geneva.” In preparation 
therefor, a study group of CCIR formed at Los Angeles explicitly 
concerned with space frequency allocation, will probably meet prior 
to the next plenary assembly of CCIR in 1962. 
As a summarizing note, now that the Geneva Conference is over, it 
is essential that scientific, administrative, and legislative bodies 
concerned with space telecommunications study the results, immedi- 
ately lay plans for continuing evaluation of fast-moving events con- 
cerned with space, and begin preparation for the next ITU sessions. 
In this regard: the National Aeronautics and Space Administration 
(NASA) has the statutory authority for research and development 
concerned with the peaceful application of outer space. The Depart- 
ment of Defense (DOD), on the other hand, has similar responsibility 
for military applications. The Department of Defense through the 
military services is represented on the IRAC. NASA, on the other 
hand, is not yet a member, but either on its own initiative, or by 
invitation, actively participates in IRAC deliberation, especially con- 
cerning space telecommunications. The vehicle thus exists for 
identifying urgent U.S. needs for radio frequency control in space 
telecommunications through existing interdepartmental machinery. 
There is also implied that the needs of scientists conducting specific 
experiments are coordinated within NASA and DOD by their TRAC 
representatives. Organizational problems attending the novelty and 


rate of growth of en in space may be subject to orthodox 


solutions here, because of the technical and administrative similarities 
between space communication and that for other types of radio 
service. 


E, FUTURE FREQUENCY REQUIREMENTS FOR COMMUNICATIONS 
SATELLITES 


One of the more immediate and practical applications of space sys- 
tems is the utilization of Earth satellites to improve global communica- 
tions, including the means for worldwide television. The need for 
relief from crowding of present and projected conventional facilities 
was indicated, for example, by Mr. Leonard Jaffe, chief of the com- 
munications satellite program of NASA in testimony on communica- 
tions before the Senate Committee on Aeronautical and Space Sciences: 


The need for rapid military communications, is quite obvious. The need for 
a much greater facility for commercial communications is not quite so obvious. 
Let’s just take a look at the current telephone message trends. 

This chart depicts some trends in oversea telephone messages. 

We see here that in 1950 approximately 1% million oversea telephone calls 
were made. In 1960, 3 million telephone calls will have been made, and it has 
been predicted by several agencies that in 1970 a total of 21 million messages will 
be made. Several independent analyses have indicated this sevenfold increase 
in commercial communications demands over the next decade. These demands 
are predicated largely on present economic conditions remaining the same, that 
no new vast areas of commercial interest will develop. They further do not 
include the type of thing that Mr. Cortright talked about, the need for vast 


- “Radio Regulations,” Administrative Radio Conference, ITU, Geneva 1959, p. 69 of recommenda- 
tions. 
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communications systems for handling data, nor do they include the need for 
global television communications which require many times the capabilities of 
ordinary telephone lines that we are talking about here. 

The present transatlantic telephone cable which was installed in 1956 will have 
its capacity exceeded in 1962. There is under development an advanced tran- 
sistorized cable with approximately twice the capacity that might become avail- 
able within the next decade, but its capacity would be exceeded in 1965. Satellites 
or communications via satellites seem to present one of the most interesting solu- 
tions to this problem. 

There are several techniques for using satellites to eo communications, 
and these techniques differ markedly in the amounts and complexity of the equip- 
ment carried aboard the satellite and the extent and complexity of equipment 
necessary on the ground. 


Four classes of communication satellites have been proposed to meet 
this demand: Low altitude passive; low altitude active; 24-hour orbit 
passive; and 24-hour orbit active. The passive satellite merely serves 
to scatter or reflect the signals transmitted from one station on the 
ground and redirected to a receiver at some distance. An active 
satellite carries transmitting equipment abroad, so that signals re- 
ceived from the ground transmitter are amplified, and retransmitted 
to the ground. In the long run, the active system is reported to be 
more effective, because of enormous transmitter power or sensitive 
receivers needed for passive systems. For active types to become 
operational, however, it is necessary that a large amount of com- 
munications equipment be orbited, including the source of electrical 
power, thus decreasing reliability and longevity.* 

Considering the state of the art, and the present lack of large boosters 
in the United States, the passive system is considered by NASA to 
give the greatest promise of initial achievement. 

Currently, the National Aeronautics and Space Administration is 
developing such a device under the code name of Project Echo.” 
The system makes use of a 100-foot diameter reflecting sphere. Some 
of these devices have been successfully fired for tests at low altitude, 
and others are scheduled as eae for high-altitude firing in the 
spring of 1960. 

The sphere is an inflatable structure made of mylar, five ten- 
thousandths inch thick, coated with vapor-deposited aluminum to 
provide radio wave reflectivity of 98 percent or better up to frequencies 
of 4000 Me/s. The sphere weighs about 150 pounds. ior to 
launching, it is folded into a 28-inch diameter package, and when in 
orbit, the two halves of the container separate, and the sphere inflates 
by the ovepete of 4 pounds of water initially stored within the 
sphere; see Figure 3. 

Initial launching will take place from Cape Canaveral, Fla., in a 
northeasterly direction with an inclination of 50 degrees to the equator. 
The altitude will be approximately 900 nautical miles, with as nearly 
circular orbit as counibl . Launching is expected by a Delta rocket 
comprising a Thor first stage, Able (Vanguard) second stage and 
ABL 248 solid propellant rocket third stage. Launching time will be 
selected so that first passes will occur over continental United States 
during twilight hours. With optical and radio tracking, an accurate 
ephemeris can be constructed for predictions of future passes. 


ee 
“NASA pas oo Fane Year 1960,” Senate Committee on Aeronautical and Space Sciences, 
: p. 251. 


andbook,”’ op. cit., pp. 202-203. 
Echo, Communications Satellite Program, Office of Advanced Tech- 
dministration.” 


ology, National Aeronautics and Space A Undated, but transmitted January 1960. 
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According to information furnished by NASA: 


Initial information on the satellite will be obtained by means of a beacon on the 
third stage transmitting on 108 Mc/s. An attempt will be made to furnish the 
inflated sphere with two beacon transmitters * * * to operate at 107.94 and 
107.97 Me/s. 

After the 100-foot passive sphere has been placed into orbit, it is intended that 
two-way communications be established between the east and west coasts of the 
United States by means of signals reflected off the satellite. This will be done at 
two different frequencies, 960 Mc/s for east-west transmissions and 2390 Me/s for 
west-east transmission. The west coast transmitting and receiving site will be 
located at Goldstone, Calif., operated by the NASA Jet Propulsion Laboratory. 
On the east coast, a transmitting and receiving site will be located at the Bell 
Telephone Laboratories at Holmdel, N.J. * * * The transmitter power will be 
10 kilowatts. 51 


The use of the Moon itself as a passive satellite should also not be 
overlooked. For a number of years, the Navy has been bouncing 
signals from the Moon so as to effect long-distance communication, 
secure from both interception and jamming; the most recent achieve- 
ment is portrayed in the facsimile transmissions shown in figures 
4 and 5. Of course, the transmission link depends on the diurnal 
orbiting of the Moon, so that the system cannot afford 24-hour service. 
The techniques, however, are equally applicable to use with artificial 
satellites. 

A diversity of active systems has been proposed by both Govern- 
ment officials and industrial scientists affiliated with commercial 
telecommunications organizations. The first step in an overall 
program was Project Score, which successfully put a delayed com- 
munication repeater in orbit with an Atlas vehicle on December 18, 
1958. This was a rudimentary form of device which is undergoing 
refinement as part of Project Courier. 

Under the Courier concept, a satellite is placed in orbit at a rela- 
tively low altitude, approximately 500 miles, and as it passes over a 
—— station, information previously stored at that ground station is 

eamed rapidly to the satellite, through a process of message com- 
pression. There, it is stored on magnetic tape. As the satellite 
arrives within line-of-sight transmission of the station to which the 
traffic is addressed, the ground station transmits a secretly coded 
command to the satellite directing it to dump the stored intelligence. 
By transmitting at high rates of speed, and with the short-distance 
transmissions free of interference, it is possible to have traffic-handling 
capacity equivalent to 20 teletype channels operating continuously at 
100 words per minute. 


%® These uencies do not appear in the allocation tables agreed om at the Geneva ITU meeting in 


1959, but can be used on a noninterference basis as was done with 108 


e/s for IGY. 
5 fbid., pp. 6-12. 
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In contrast with the Courier, low-altitude, active concept, a number 
of other schemes have been discussed which anticipate satellites 
orbiting much higher at altitudes of 22,300 statute miles. At this 
distance, the satellites rotate about the Earth in synchronism with the 
rotation of the Earth itself, and thus remain stationary relative to 
ground stations. With three such artificial satellites in the equatorial 
plane, line-of-sight communication would be possible with all but 
about 2 percent of the surface of the globe, at the poles; see figure 6. 
Each satellite would contain a power source, antenna, receivers, and 
transmitters.®? 

One such system visualizes providing about 144 voice channels, 
with each repeater weighing in orbit about 625 pounds. It would 
operate on about 2000 Me/s, require 1,000 watts power on the ground 
and would rebroadcast with about 20 watts. A second version has a 
capacity equivalent to about 300 voice channels or 2 television chan- 
nels, would weigh 8,000 pounds and operate at 2000-2300 Mc/s.* 

To exploit the full potential of such communications satellites, 
especially considering the initial Investment, they must have the 
capacity to handle a large number of simultaneous transmissions. 
The bandwidths thus required are far greater than have been discussed 
previously for Earth-space service, or are provided for in the 2290-2300 
Me/s band voted in the 1959 regulations of the ITU. It should be 
noted, however, that the channels now reserved for Earth-space are 
in all cases earmarked for research p ses. Again, through the 
projected studies of CCIR and the tentatively planned Extraordinary 
Radio Conference, experience in the needs for bandwidth for com- 


munication service can be injected into international considerations, 
and negotiations developed for further changes in keeping with 
scientific progress. 


* Tbid., p. 1-12. 
3 “Satellites for World Communications,’ hearings before House Committee on Science and Astro- 
nautics, Mar. 3 and 4, 1959, pp. 18-19. 
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LX. Spectrum Demanps FoR Raprio AstTRONOMY 
A. INTRODUCTION * 


Thus far in this discourse, reference has been made almost exclu- 
sively to the problem of spectrum allocation for transmissions orig- 
inating in manmade equipment. In these instances, bands either 
for communication or for research can be allocated with the knowledge 
that the transmitting equipment involved can be selectively tuned 
so as to radiate on a given particular wavelength. Thus, when issuing 
licenses and assignments, some flexibility exists in frequency desig- 
nation because, within the limits of propagation characteristics and 
other factors mentioned earlier, a number of equally attractive alter- 
natives are present. An entirely different situation prevails with 
signals which originate from extraterrestrial sources at frequencies 
beyond man’s control and, at present, from sources beyond his 
understanding. 

If the human eye were sensitive to radio waves rather than to light 
waves, we would have an entirely different view of the heavens. 
Corresponding to the panorama of individual stars, constellations, 
galaxies, and clouds of interstellar matter that are visible either directly 
or through optical telescopes, there is a second and completely different 
panorama made up of invisible electromagnetic emissions from outer 
space that are only now being revealed by special radio telescopes. 

ith recently improved facilities and enhanced techniques, radio 
astronomers are intensively surveying and charting these innumerable 
cosmic sources, and their research may be expected to yield new 
facts on the composition and dimensions of the universe, and perhaps 
even on its origin. 

Despite its inception 30 years ago, and its potency as a source of 
new knowledge, radioastronomy is only now evolving as a mature 
science. In 1928, the late Karl Jansky of the Bell Telephone Co. was 
investigating the causes of static that were seriously disrupting the 
company’s then new transatlantic radiotelephone service, and through 
his investigation he initiated a train of events that produced a new 
window to the stars, By meticulous examination of background noise 
which could be heard on radio receivers when the volume was turned 
up and no station tuned in, Jansky noticed that certain signals could 
be correlated with the diurnal rotation of the Earth, and could be 
explained only if they originated from fixed sources outside of the 
Karth’s atmosphere. When the research was published 5 years 
later, the exciting discovery was disclosed that a continuous stream 
of radio noise originated in the general direction of the Milky oa 
Strangely enough, this fertile ground for research went virtually 
unnoticed. 

Only scant attention was paid to Jansky’s discovery by professional 
astronomers, and throughout the 1930’s the only continuing activit 
appears to have been that of Grote Reber who confirmed Jansky’s 
experiments, using homemade equipment. Neither Jansky nor his 
company pursued this research further. 

ter World War II, astronomical observations that had been 
arrested during the war were vigorously resumed. Also, after the 
background references, see: ‘‘The Radio Sky,’”” John D. Kraus, Scientific American, os 


4 As ref . 
“The Changing Universe,” John Pfeiffer, Random House 1956; “The Exploration of Space by 
R. H. Brown and A. ©. B. Lovell, John Wiley & Sons, 1958. 
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war spectacular improvements which had been made in electronic 
components, particularly for radar, were declassified, thus making 
available apparatus which overcame the deficient sensitivity of re- 
ceivers that had previously frustrated Reber. Consequently, by the 
late 1940’s, new centers of radio astronomy were firmly established in 
England, the Netherlands, France, Canada, Australia, and the United 
States. Apparently, activities were also being stimulated behind the 
Iron Curtain, but at that time unknown to the rest of the world. 
Although the initial discovery of extraterrestrial emissions had been 
made in the United States, this country did not reassume leadership 
in this field. 

As to scientific results, it has been found that certain of the cosmic 
radiations were generated by discrete sources; some of these coincided 
with visible stars, but puzzling as it may seem, most did not. These 
signals, incidentally, were found as a homogenized conglomerate of 
emissions, spread over much of the higher frequency end of the radio 
spectrum. In 1951, however, a striking discovery was made that 
strong signals were being received at the particular frequency of 
1,420 Me/s, corresponding to predicted radiations from galactic 
hydrogen. Thus, a second impetus was given to the new science as a 
means for delineating the invisible clouds of interstellar matter. 

With instruments which detect wavelengths of electromagnetic 
radiation longer than those to which the human eye responds, man 
may now “‘view” an ingredient of the universe not possible with optical 
instruments. 

By extending the range of radiotelescopes and improving their 
power of resolution, a breakthrough might conceivably occur on such 
profound questions in cosmology as to when the universe had a be- 
ginning, whether it has finite boundaries, and whether it is expanding 
in all directions as optical measurements suggest. Other problems to 
be solved concern its composition and even the possibility of intelligent 
life on other worlds. 

The suecess with which these observations can be made, however, 
depends heavily on the protection of certain parts of the radio spectrum 
from manmade interference. The problem is no different from that 
of protecting optical telescopes from obscuring effects of manmade 
smoke or nighttime glare. In the case of radio astronomy, however, 
the signals are so feeble that the source of interference loses its strictly 
local character; radiations from a station in Alaska have been known 
to interrupt observations in the Netherlands. 

Because of the relatively less familiarity the reader may have with 
problems of radio astronomy, some background is provided concerning 
the character of emissions from space, techniques of reception, and 
frequencies of particular significance to radio astronomy. The section 
concludes with a digest of recent actions by the Administrative Radio 


Conference in Geneva regarding radio astronomy, and by other inter- 
ested bodies. 


B. EXTRATERRESTRIAL SOURCES OF RADIO SIGNALS 


The Sun is an intense radio emitter, particularly when its surface is 
disturbed with sunspots and flares. In fact the strength of the radio 
waves emitted under these conditions is such that they often interfere 
with the study of much weaker galactic and extragalactic radio emis- 
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sions in the same kind of way that sunlight prevents visual observa- 
tion of the stars. During World War IJ, much consternation de- 
veloped at the apparent enemy jamming of radar signals until it was 
recognized that the Sun was a potent source of the interference. This 
phenomenon was a well-guarded secret until 1946, at which time it 
became the subject of scientific inquiry. 

The planets Venus, Mars, and the Moon have also been found to 
generate steady radio waves, and Jupiter demonstrates bursts of 
energy that have been interpreted as lightning discharges in the 
Jovian atmosphere. 

By far the most powerful transmitters are in outer space. Some 
appear to accompany debris of exploding stars, known as novae and 
supernovae; one of the most easily detected is in the Crab nebula 
which Chinese astronomers observed as a short-lived “‘star’’ in A.D. 
1054. But the most stupendous source of radio energy lies in the 
constellation Cygnus, at a distance of 270 million light-years. Based 
on calculations of that distance, and the level of signal received on 
the Earth, it has been estimated that the radio source has an output 
of 1,000 billion billion billion megawatts, as compared with 1 megawatt 
for a very high-power radio transmitter on the Earth. Photographs 
of this part of the sky taken at Mount Palomar revealed that the 
signals originate at a tiny smudge of light which has been interpreted 
as the most awe-inspiring astronomical phenomenon yet discovered, 
the head-on collision of two galaxies of billions of stars each. 

In addition to individual sources of “radio stars,’’ it has also been 
discovered that the clouds of hydrogen scattered throughout space also 
emit radio waves. Astrophysicists believe, in fact, that most of the 
interstellar gas in the galaxy is hydrogen. About 10 percent of this 
gas is believed to be ionized by the proximity of the hot stars, and 
about 1 percent exists in molecular form; the remainder of the gas is 
thus composed of neutral hydrogen atoms. That hydrogen should 
spontaneously emit radiation has been known theoretically, but the 
notion that signals of adequate strength could be detected from space 
did not evolve until 1944. At that time, a second inspiration con- 
cerning the new science evolved paralleling Jansky’s discovery. 

Stimulated by Reber’s paper, Hendrik C. van de Hulst, a Dutch 
astronomer, constructed a hypothesis that radio signals corresponding 
to the hydrogen radiation line at 1420 Me/s should be received from 
space and in 1951 experiments by Prof. Edward Purcell and his Ph. D. 
ene Harold Evans, at Harvard University, dramatically offered 
proof. 

Because of frequent reference to the “hydrogen line’”’ (with wave- 
length of 21 centimeters, 1420. 4056 Mc/s), this phenomenon may de- 
serve further explanation. We are all acquainted with the concept 
that matter, even though appearing to the casual observer to be inert 
and inanimate, is in frenzied motion at the atomic scale. That is, 
the ingredients of matter are oscillating and moving whenever the 
temperature is above absolute zero (—460° F.). Associated with this 
motion is radiation. At any temperature other than absolute zero, 
atoms are released from their theoretically motionless state and emit 
electromagnetic waves of varying intensity and wavelength. When 
temperatures are sufficiently high, the radiation enters the visible part 
of the spectrum and we see the radiation as color. Although we do 
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not ordinarily think of cold objects as energy sources, they do emit 
rays, and the physicists now know that all elements and certain com- 
binations of elements emit radiation of a very special character; i.e., 
each manifests a radiation frequency that becomes the “signature” 
of the element. For readers more familiar with the visible portion 
of the spectrum, it should be noted that the 21-centimeter hydrogen 
emission is analogous to the Fraunhofer absorption lines in the solar 
spectra which are identified with chemical elements on the Earth. 

In the case of hydrogen, the particular frequency of emission is not 
in the visible part of the electromagnetic spectrum, but rather is in 
the radio portion. 

As a matter of detail, the total power of all the extraterrestrial 
radiation falling on the Earth at the 2l-centimeter wavelength is 
estimated at 2 watts. That which can be intercepted by the receptors 
of a radiotelescope can thus be only on the order of a billion-billionth 
part of awatt. In order that any reasonable research program may be 
conducted, it is abundantly clear that radiotelescopes must be ade- 
quately protected from manmade interference as, for example, from 
transmitters on the same wavelength. 

In the same vein, deuterium, which is an isotope of hydrogen weigh- 
ing twice as much as the ordinary type, broadcasts at a frequency of 
327.4 Me/s. Since it exists in nature only in scant proportion to 
ordinary hydrogen, it is exceedingly difficult to detect. This very 
property, however, may assist studies of the universe when more 
sensitive receivers are developed which may then suffer from the 
“glare” of radiation from the ordinary hydrogen atom. The existence 
of such radiation sources in the sky was announced, incidentally, by 
Soviet radio astronomers in 1955. 

Similar interest exists in the possibility of detecting signals from the 
OH hydroxyl radical, made up of single atoms of hydrogen and of 
oxygen, joined in a chemically firm bond. Emissions from this 
sibstados have been computed and observed in the laboratory at 
1667 Me/s, but astronomical observations are yet to be confirmed. 

Radiotelescopes have also been effectively used, either alone or 
through echo techniques with an Earth-based transmitter, to study 
the frequency of encounter and path of meteors, the structure of the 
Aurora Borealis, and characteristics of lunar reflected signals. 

The radiotelescopes have more recently gained publicity for their 
effective tracking of artificial satellites, and lunar and space probes 
launched both by the Soviets and the United States. By virtue of 
their enormous sensitivity, they should continue to offer valuable 
supplementation to the tracking and communication installations 
engaged in space research. 

Astrophysical research is not the only goal of radio astronomers; 
other more practical rewards are already being realized. For example, 
to a great extent, ships depend on celestial navigation with the 
sextant as the basic instrument. Since the sextant requires optical 
observations of extraterrestrial bodies used as points of reference, a 
real problem develops in inclement weather. A radiosextant on the 
other hand could operate 24 hours a day in all kinds of weather, and in 
addition be utilized beyond the northern and southern Arctic circles 
where magnetic compasses are ineffective. Navigators could apply 
this principle in the same fashion as they now steer by the stars. 
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Radio astronomy is also helping solve problems in communication. 
Research on the characteristics of the ionosphere has revealed how 
it is affected by solar flares which, in a sense, produce radio blackouts. 
From research, it is now possible to predict in advance the geomagnetic 
storms that disrupt radio communications throughout the world. 
During such episodes long-distance communication depends critically 
on cables, and these are vulnerable to damage or sabotage. Thus 
advance planning for communications traffic during blackouts is 
vital to the national secyrity. 

In strictly military application, radiotelescopes may be utilized to 
detect nuclear explosions and missile launchings halfway around the 
world through their instant effects on propagation characteristics of 
the upper atmosphere. 


C. RADIO METHODS OF OBSERVATION 


Before examining the question of the particular needs of spectrum 
protection for radio astronomy, a discussion is offered regarding 
techniques. 

Astronomical radio sources generate innumerable random impulses 
of radiation, which can be detected, if sufficiently intense in relation 
to the sensitivity of the receiving system, at any wavelength for 
which the Earth’s atmosphere is transparent. In general, very little 
energy penetrates the atmosphere at frequencies less than 5 Me/s. 
The range of impulses at the hi her frequencies are equivalent to the 
“white continuum” in the visible range of electromagnetic radiation. 


Because the signals from outer space are so feeble, the radio astron- 
omer requires a receiver that is specially designed to detect this 


radiation as efficiently as possible, and with the least amount of 
background “noise” that is spontaneously generated by components 
within the receiver itself. 

To make observations, the receiver is tuned to a spot in the wave- 
band that is free from manmade transmissions, or to one of the specific 
frequencies which are characteristic of emissions from certain elements 
known to be present and radiating in space. The signals are ampli- 
fied, and may be heard on a loudspeaker as “noise,” or the receiver 
may be connected to recording instruments which make a continuous 
graph of the signals as a function of time. 

he state of the art now permits deduction of more information 
than simply the presence and amplitude of sky-originating signals. 
Through the use of special antennas, it is possible to determine the 
exact position in the - from which the signals are emitted, and thus 
to pinpoint sources. In some cases, these points can be correlated 
with positions of telescopically visible stars. In other cases, such 
radio and visible radiations do not coincide, perhaps because the 
source is hidden behind clouds of interstellar dust or gas which filter 
out the visible part of the emission, but pass the radio frequencies. 

In the case of the emissions at a wavelength of 21 centimeters, signals 
can be perceived of varying intensity from almost all parts of the 
Milky Way, thus providing a map of our galaxy in terms of the highly 
rarified, unconsolidated matter which appears to be floating in space 
in between the visible stars. 

The antennas for radio observations are identical in principle to 
those for ordinary radio communication. Actually, the antenna 
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intercepts a fraction of the incident radiation, and delivers it through 
lead wires to the receiver. The amount of radiation intercepted is 
proportional to the area of the antenna, so that the sensitivity of the 
receiving system can be improved by the use of larger aerials. 

Radio telescopes are usually equipped with directional antennas by 
using a curved reflecting sheet which focuses the incoming radio waves 
onto a secondary antenna element from which the signals are then fed 
into the receiver. Such a configuration is completely analogous to a 
curved mirror such as is utilized in a reflecting type of optical telescope. 
The waves strike the bowl and bounce back toward the focal point, 
just as light rays do when they hit a properly shaped mirror made of 
glass or metal. Protruding straight out from the center of the bowl 
is a “half-wave dipole,’ a small metal rod antenna resembling the 
type used for FM radio reception. The bowl is so shaped and the 
dipole so positioned that the rebounding waves come to a focus at 
the top of this antenna. 

As far as resolving power is concerned, the radio telescopes cannot 
compete with optical types. The focusing of an instrument depends 
on the wavelength being received, and the longer the wavelength, the 
larger the telescope needed. Since radio waves are thousands and 
millions of times longer than light waves, resolution of the exact 
location of distant sources (or at some time in the future, of trans- 
mitters at different locations on the Moon) requires dishes of tre- 
mendous diameter, say on the order of several miles. It is for this 
reason, as well as that of improved sensitivity, that larger and larger 
radio telescopes are being planned. 


D. RECENT DEVELOPMENT OF RADIO-TELESCOPE INSTALLATIONS IN THE 
UNITED STATES 


There are now roughly 150 radio telescopes of varying size and power 
throughout the world, including a number at various universities in 
the United States. The British unit at Jodrell Bank is the largest one 
operating in the free world. It was com leted during the summer of 
1957 and comprises a steerable paraboloid 250 feet in diameter. 

Although this country is on the brink of completion of massive new 
facilities, none now operating are comparable to the British. 

The first sophisticated installation in the United States was the 
50-foot steerable precision antenna located at the Naval Research 
Laboratory (NRL) in 1951. Among other achievements, it won 
recognition with detection for the first time of emissions from the 
planets. Because of its fine performance, this facility has served as 
a model to which recent designers and builders of larger telescopes 
have frequently referred. A second NRL facility is shown in figure 7. 

Until recently, this single item of versatile equipment was the only 
one available. ‘The striking inadequacy of facilities in the post-World 
War II era soon became evident to scientists in the field. In January 
1954, a conference was held in Washington jointly sponsored by the 
California Institute of Technology, the Carnegie Institution of Wash- 
ington and the National Science Foundation. According to R. M. 
Emberson, writing in Science: 

At the conclusion of the conference it became clear to the U.S. scientists that 


radio astronomy in the United States was not keeping up with progress being made 
in other countries, and that unless this trend were reversed, the United States 
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FicurE 7.—Radio telescope at Mayrland Point, Md., operated by the Naval 
Research Laboratory. This 84-foot radio telescope dwarfs buildings, cars, 
and personnel near its base, and is the largest such structure now in operation 
in the United States. 


Source: U.S. Navy. 
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would drop further behind, into a most unsatisfactory, secondary position. This 
state of affairs was all the more deplorable in view of the noteworthy initial con- 
tributions from the United States * * *.55 


In the spring of 1954, acting on a suggestion of Julius A. Stratton, 
studies were initiated on the feasibility of establishing a radio observa- 
tory to be operated on behalf of all U.S. scientists. On February 18, 
1955, The National Science Foundation granted $85,000 to Associated 
Universities, Inc., a nonprofit institution, which operates the Brook- 
haven National Laboratory for atomic energy research, to begin plans 
for the development of a National Radio Astronomy Observatory. 
After completion of a detailed study of feasibility and a careful re- 
view of the site requirements, including freedom from radio noise, a 
decision was made to locate the facility at Green Bank, W. Va. On 
October 17, 1957, ground was broken. 

Special note should be made of the subsequent actions taken to 
protect the site, chosen for its low radio noise level, from future en- 
croachment of manmade interference. According to Emberson, now 
project director of the facility— 


Through the good offices of Arthur D. Little, Inc., contact was made with the 
Governor of West Virginia, William Marland, and he and members of his staff 
were briefed on the proposed observatory. The West Virginia officials were 
favorably disposed toward the plan, and they thought that a zoning act could be 
drafted that would give the observatory protection against the encroachment of 
local, unlicensed sources of radio interference. West Virginia legislative leaders 
were briefed on the problem, drafts were discussed and revised, and a special session 
of the assembly and senate convened on August 9, 1956. The legislature enacted 
the Radio Astronomy Zoning Act, which to the best of our knowledge is the first 
legislation anywhere in the world designed explicitly to protect research in radio 
astronomy and allied sciences. 

This special zoning act also protects the naval station at Sugar Grove, W. Va., 
located a little more than 30 air miles from Green Bank. * * * 

The West Virginia zoning act is directed toward unlicensed, local sources. The 
FCC has jurisdiction of licensed intentional transmitters (within the Federal Gov- 
ernment, the IRAC plays a regulatory role among Federal agencies that is anal- 
ogous to the relationship of the FCC to commercial broadcasters). The special 
radio-noise problem at Green Bank and Sugar Grove was taken to Washington. 
After thorough hearings and several reviews had been completed, special rules 
were promulgated to establish a radio quiet zone for both Green Bank and Sugar 
Grove. This quiet zone is rectangular in area, approximately 100 miles across in 
the east-west direction and 120 miles from north to south. The special rules 
provide that civil applications for new or revised transmitters in the quiet zone 
shall be brought to the attention of the director of the National Radio Astronomy 
Observatory, who is responsible for bringing the matter to the attention of the 
a Bt Sugar Grove and submitting a coordinated reply or comment to the 


That these actions protecting radio astronomical observatories are 
regarded as unusually important is noted by their mention in the posi- 
tion paper of the U.S. delegation at Geneva; see appendix C, dis- 
cussed subsequently.” 

The main facility at Green Bank comprises a 140-foot general- 
purpose research instrument. The dish is parabolically shaped with 
a focal length of 60 feet, made of aluminum panels, one-fourth inch 
thick. The surface is expected to be true to within one-fourth inch 
for all positions of the reflector, and in winds up to 16 miles per hour. 


oie ae M., “National Radio Astronomy Observatory,” Science, Nov. 13, 1959, pp. 1307-1318. 

" E. F. McClain, Head, Radio Astronomy Branch, Naval Research pebeeety. in conversation with 
the author, reports that N RL’s most recent radio telescope was installed at Maryland Point, Md., away 
from Washington so as to be better isolated from radio interference associated with random emissions in areas 
of high Ror tion density. This interference with the existing 50-foot radio telescope has now grown so 
serious that it will soon have to be moved from the Washington area, at a cost of roughly $150,000. 
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Total weight of the dish exceeds 1 ton. A drive and control system 
permits slow automatic tracking to compensate for the diurnal rota- 
tion of the Earth, and for the slow motions of the Sun, Moon, and 
planets relative to the stars. It will be capable of scanning up to 
50 degrees per minute which, in some future experiment, may be 
coueeea to keep the telescope pointed at a fast moving object such 
as an artificial satellite. 

A somewhat smaller, 85-foot, facility has already been placed in 
operation at Green Bank. eese an ay instruments were 
studied but plans for their construction have been deferred in view 
of the installation by the Navy of a 600-foot facility at nearby Sugar 
Grove. 

The “Big Dish” under construction at Sugar Grove is a steerable 
radio telescope being built for the Office of Naval Research; see figure 
8. It will be of unprecedented size and complexity; its cost is esti- 
mated to be $79 million. The — date for completion is mid-1962. 
The scale of the engineering problems encountered in its design may 
be realized when it is considered that the diameter of the reflector 
equals the length of two football playing fields, that the entire dish 
must be moved with precision, that it must be sufficiently strong to 
withstand high winds without damage, and sufficiently rigid to with- 
stand lower velocity winds without excessive a which inhibits 
operation. In an article by Capt. F. C, Tyrrell, U.S. Navy, who is 


in charge of construction, the horizontal windloads to be transmitted 

to the foundation were said to be in excess of 12 million pounds.* 
These two examples of radio telescopes indicate that this country 

is on the brink of reestablishing its position of scientific leadership in 


this area. These investments by the Navy and the National Science 
Foundation, for example, indicate the importance which they attach 
to research in radio astronomy, both in the interest of pure science, 
and in terms of application to military and space technology. 

By virtue of the high cost of these two facilities, their gerereptic 
proximity and technological similarities, the Congress felt obliged 
to examine the proposed plans before approving the 1959 supplemental 
appropriations bill. Background information, clarification, and 
indications that the two facilities were to serve complementary but 
separate objectives, were developed by the Subcommittee on Inde- 
pendent Offices, of the House Committee on Appropriations, in 
hearings on July 19, 1958. At that time, Dr. Alan T. Waterman, 
Director of the National Science Foundation, stated: 


It is important to note that the Sugar Grove facility has been designed primarily 
for carrying out military and preparedness operations. During the relatively 
short periods of time when the Sugar Grove facility is not required for such 
rps it would be possible to convert it to use for astronomical research. 

yhen the difficulties of such conversion are taken into consideration with the 
limited time available for such research the Sugar Grove facility could only be 
used for a small number of astronomical projects at frequency ranges where it is 
more efficient than the Green Bank Observatory. 

The Green Bank facility, on the other hand, will be used 100 percent of the time 
for basic research in radio astronomy and related fields, The only priorities 
in the Green Bank Observatory will be those determined by the scientific merits of 
the research to be performed, There will be no security restrictions on its a 
tions, and all useful research results will be published and made available to 
astronomers throughout the world. 


%® Tyrrell, F. C., “The Big Dish,’”’ Civil Engineering, November 1959, pp. 56-59. 
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Fieure 8.—World’s largest radio telescope being constructed for U.S. Navy at 
Sugar Grove,W.Va. After scheduled completion in 1962, the 20,000-ton facility, 
to be known officially as Naval Radio Research Station, will give the United 
States the world’s most powerful “ear on the universe.’”’ It will enable Navy 
scientists to tune in on radio signals emitted by astral bodies 19 times the 
distance probed by the 200-inch optical telescope at Mount Palomar, Calif. 
The instrument’s aluminum-mesh reflector dish will have a 600-foot diam- 
eter, twice the length of a football field, and an area exceeding 7 acres. Ro- 
tation of huge arcs supporting the dish complex will elevate the reflector at 
any angle above the horizon. The entire structure will rotate on rollers riding 
circular tracks on the ground. Thus, the dish can be aimed at any point in the 
sky above the horizon. The telescope will be electronically controlled from 
a nearby laboratory operations building. Contracting agency is the Bureau 
of Yards and Docks acting for the Naval Research Laboratory, whose scientists 


formulated basic specifications and other criteria after years of intensive 
research. 


Note the human observers on the ground at the base of the telescope to give 
some itea of its enormous size. 


Notre.—Space Business Daily, a trade publication, reports that this 600 foot 
radio telescope should be able to track a 150-watt transmitter, such as the one in 
Pioneer V (see appendix H), at distances up to 150 million miles. 

Source: U.S. Navy. 
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Capt. A. B. Metsger, U.S. Navy, Deputy and Assistant Chief 
of Naval Research also testified: 


* * * The mission of the naval radio facility in West Virginia is primarily 
one of military operations with a secondary task of research bearing on military 
problems of communication, navigation, and space physics. * * * The opera- 
tional mission, which includes both communication and navigation, is scheduled 
to occupy most of the time of the facility’s main instrument. It will provide 
interference-free communication channels for use by our ships and at the same time 
is capable of providing them with assistance in navigation. The military research 
activity and necessary maintenance work will consume most of the remaining time. 


Other recent installations in the United States include the twin 
90-foot dishes at the Owens Valley Radio Observatory of the California 
Institute of Technology, an 85-foot dish at the University of Michigan, 
and a unique nonsteerable device at Danville, Ill., for the University 
of Illinois, all sponsored by the Office of Naval Research. This latter 
facility incidentally makes use of a fixed parabolic cylinder 400 feet 
wide by 600 feet long obtained by grading the surface of a small valle 
to the right shape and covering it with appropriate material. Altho 
this receiver is obviously not mechanically steerable, it will be possible 
to shift its beam by electrical phasing, and make observations of 
radio sources which fall within 30° of its zenith. 

In November 1959, it was announced that Cornell University 
would be the center of a new organization of space research making 
use of facility to be constructed in Puerto Rico that includes a 1,000- 
foot-diameter fixed dish. 


E. SPECTRUM DEMAND FOR RADIO ASTRONOMY 


As it relates to this study of radio frequency allocation, it should be 
noted that the radio signals from outer space are exceedingly weak. 
Their detection and analysis thus heavily depends on reception free of 
interference from radio emissions of terrestrial origin. The problem 
thus confronting the radio astronomers is the need for international 


protection of certain radio frequencies from use for ordinary trans- 
MAsslons. 


The problem was pugnenty and succinctly stated by the Inter- 
national Astronomical Union in May 1959, as follows: 


(a) The radio frequency spectrum is one of the two important “windows’’ 
through which it is possible to study the universe outside the Earth’s atmosphere, 
and data obtained are different in character from the data which can be obtained 
through the optical window with the help of ordinary (optical) telescopes. 

(b) The nature of the radio data changes markedly with frequency (color) so 
that narrow reception bands are required every octave through the radiospectrum. 

(c) Certain frequencies are of particular importance for the observation of 
known spectral lines; these lines cover certain bands of frequencies because of 
Doppler shifts (shift in frequency due to relative motion of receiver and trans- 
mitter); also these narrow-band line-radiations are characteristic of all galaxies 
and intimately portray their internal structure. 

(d) Cosmic radiations are of extremely low intensity, typical field strengths 
being in the “micromicrovolt’’ to “millimicrovolt” per meter range, so that 
typical noise-to-signal ratios in radio astronomy are of the same order as signal-to- 
noise ratios in ordinary communication circuits. 

(e) Because of this feeble intensity, and because of the “‘noiselike’’ charac- 
teristics of the cosmic signals, some practical bandwidths are necessary. 

(f) Serious manmade interference to this field of study has existed in the past, 
and is increasing very rapidly as a consequence of the highly accelerating develop- 
ment of modern electronic and communication technologies in response to the 
need for more and more communication and control facilities. 
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(g) Sources of manmade interference are no longer confined essentially to the 
surface of the Earth, nor are they even fixedin space. That is, interference arises 
from high-power scatter-communication equipment, scattering of high-power, 
long-range radar signals, high flying aviation and missile communication and 
telemetering transmissions, satellite transmissions and signals reflected by satel- 
lites, Moon, and planetary radar, etc. 

(h) Radio frequency receiving sites are commonly chosen so as to provide the 
greatest practicable freedom from interference, but in spite of this precaution, 
serious interference still exists. 

(z) In several countries, radio astronomers have experienced great difficulties 
in making satisfactory arrangements with the appropriate national frequency 
allocation authorities in their own and neighboring countries (to protect channels 
for radio astronomy) with the result that important scientific programs have been 
curtailed and, in some cases, have even proved impossible. 

(j) Further, the development of radio astronomy has already led to major techni- 
cal advances, particularly in receiver and antenna design techniques, and led to 
improved knowledge of fundamental radio noise limitations of great importance 
to technical radio communications and promises further important results. 


The International Astronomical Union went on to state: 


(k) Protection from interference on certain frequencies is absolutely essential 
to the maintenance and advancement of radio astronomy and the associated 
measurements, and the sensitivity (capabilities) of radio astronomy receiving 
installations should be limited only by natural, basic physical laws, and not by 
man-made interference. 

(2) Protection is required also in the related fields of ionospheric physics and 
interplanetary ‘‘space’’ physics. 

(m) Maintaining interference-free openings in the radio window is an inter- 
national scientific problem of more than the usual significance. 

(n) The overall investment in radio astronomy receiving equipment now ex- 
ceeds $100 million and is still growing rapidly. 

(0) Though worldwide demand for frequency allocation is enormous, yet the 
situation in radio astronomy poses a unique problem which warrants exceptional 
consideration by frequency allocation authorities. 

(p) Exclusive reservation of only a few bands is required since, in a large part of 
the spectrum, it is impossible for radio astronomy to share frequency bands with 
certain existing and projected services. 

(q) Radio astronomers as a whole are in agreement with the above views and 
believe that they are urging a minimum program, and one which is justified by 
the experience of the past 15 years of intensive radio astronomical research, and 
one whose importance is witnessed by numerous IAU and URSI resolutions, peti- 
tions by the Royal Society of Great Britain, by Belgian and Dutch radio astron- 
omers, etc. 

(r) Further, these views are largely supported by the advice embodied in 
CCIR Document (427—Rev.) which received unanimous approval at the 1959 
Plenary Assembly of the CCIR held in Los Angeles. 


Based on the considerations and premises outlined in the foregoing, 
the International Astronomical Union also made a number of specific 
recommendations: 


(1) Great care should be taken to give complete international protection from 
interference to receptions of cosmic emissions in the bands reserved for radio 
astronomy, and specifically; 

(2) The bands allocated for standard frequency and time signal emission at 
2.5, 5.0, 10, and 20 Mc/s should not include anything other than the standard 
frequency and time emissions, and that a greater effort be made to enforce this 
specific allocation, thus permitting their use for reception in radio astronomy ; 

(3) That the following approximate frequencies (not necessarily in harmonic 
relation, but to 10 percent or so) and approximate bandwidths be reserved for the 
exclusive use of radio astronomy: 


Frequency (Me/s): 
40 
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(4) Bands in the neighborhood of the following frequencies and with the follow- 
ing approximate bandwidths be shared with low power, fixed, directional (but not 
scatter propagation), point-to-point services, and under the condition that local 
administrations provide protection for astronomical installations: 


Bandwidth 
Frequency (Me/s): (Me/s) 
2560 


+5. 0 


(5) The band 1400-1427 Mc/s be reserved exclusively for radio astronomy, in 
particular for the very important observations of the 1420 Mc/s hydrogen line; 

(6) The following bands should be reserved exclusively for radio astronomy be- 
cause they cover the very low-level line-radiations known to be emitted by Deu- 
terium and OH (hydroxyl radical): 


F Band (M 
Mes)” | tobe 


(7) It is recognized that the bands mentioned in recommendations 5 and 6 can 
also be used for reception of the broad band cosmic radiations and, in fact, that 
the band recommended to be reserved for the Deuterium line is intended to be 
so used, in order to fill in the highly undesirable gap between 160 and 640 Me/s 
in the bands listed in recommendation 3. 

(8) Administrations, in seeking to afford protection to particular radio astro- 
nomical observations, should take all practicable steps to reduce to the absolute 
minimum amplitude, harmonic radiations falling within the above bands of 
frequencies. 


The ninth Plenary Assembly of the International Radio Consulta- 
tive Committee, referred to previously, met in Los Angeles during April 
1959 and, according to Document 437—-E (Rev.) of April 27, 1959, 
adopted the following resolutions that had been proposed by Study 
group VI. 


(1) Radio astronomers should be encouraged to choose sites as free as possible 
from interference. 

(2) Administrations should afford all practicable protection to the frequencies 
used by radio astronomers in their own and neighboring countries. 

(3) Particular care should be taken to give complete international protection 
from interference to observations of emissions known or thought to oceur in the 
following bands: 


Bands to be 
protected 
(Me/s) 


Deuterium 


322-329 
1400-1427 
1645-1675 


(4) The bands allocated for standard frequency and time signal emissions at 
2.5, 5.0, 10.0, and 20.0 Me/s should not include anything other than standard 
frequency and time signal emissions, thus permitting their use for reception in 
radio astronomy. 

(5) Consideration should be given to securing adequate international protec- 
tion of a number of narrow frequency bands throughout the spectrum above 
30 Me/s for the purposes of reception in radio astronomy—radio astronomers in a 
number of countries have indicated their desire to use for this purpose one fre- 


® Statement on Reservation of Frequency Bands for Radio Astronomy. International Astronomical 
Union in May 1959. 


51548—60—_6 
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quency band at each of the following approximate positions (not necessarily in 
harmonic relation) : 


Frequency (Mc/s): Bandwidth (Mc/s) 


(6) Administrations, in seeking to afford protection to particular radio astro- 
nomical observations, should take all practicable steps to reduce the absolute 
minimum amplitude harmonic falling within above bands of frequencies." 


F. THE U.S. POSITION WITH RESPECT TO FREQUENCY PROTECTION FOR 
RADIO ASTRONOMY SERVICE 


Having defined the needs for protecting sectors of the radio spec- 
trum from interference to permit radio astronomy observations, a 
question arises as to the requisite actions, taken or projected. In 
one particular detail, this problem of frequency allocation has a new 
twist. Ordinarily, control over the spectrum is exercised through the 
process of licensing transmitters. Compatible with the allocation of 
bands for different types of service by the ITU, various national ad- 
ministrations then make domestic assignments. A transmission on a 
specific frequency is thus an overt act, presumably consistent with 
and approved by the cognizant national authorities. In the case of 
radio astronomy, wherein the transmissions are of extraterrestrial 
origin, they are not subject to human control. Allocations of fre- 
quencies for radio astronomy research can thus be made only by the 
inverse procedure of unambiguously denying certain parts of the 
spectrum to all other applicants. Channel sharing is also prohibited. 
The thorny problem of so reserving a portion of the already crowded 
spectrum amidst innumerable pressures is clear. 

The matter has received attention in the United States from both 
the FCC and IRAC. Since 1957, the Federal Communications 
Commission has entertained testimony from radio astronomers and 
other interested parties as part of their docket 12263. It was their 
conclusion that only the band of 1400-1427 Mc/s should be exclusively 
reserved for radio astronomy use. IRAC also conducted an informal 
survey in 1956, through a subcommittee chaired by Dr. John Hagen, 
a the Naval Research Laboratory. They arrived at the same con- 
clusion. 

Of greatest significance is the fact that neither FCC nor [RAC 
could take effective action or make commitments until there was in- 
ternational agreement on such matters. 

Because radio astronomy was still in its infancy when the Adminis- 
trative Radio Conference convened in Atlantic City in 1947, no note 
was taken of the allocation of frequencies for radio astronomy (sub- 
sequently abbreviated as RAS). Domestic authorities had no recourse 
but to await the ITU meeting in Geneva which convened August 17, 
1959. 

In the interim, needs of radio astronomers had been made known to 
ITU through the Study Group VI of the CCIR which had met in 
1953 and 1956, and most recently in April 1959, at which time explicit 


Ninth Plenary Assembly, International Radio Consultative Committee, document 437E (Rev.), Los 
Angeles, Apr. 27, 1959. 
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action was taken in the interest of reserving spectrum for RAS service. 
Their recommendations were previously delineated. The apparent 
inconsistency between these conclusions and those arrived at previ- 
ously by the FCC and IRAC is examined later. Suffice it to say that 
the U.S. Preparatory Committee, when preparing its conference 
proposals sometime prior to Geneva, in the light of limited material 
and testimony presented to it from U.S. radio astronomers, found it 
could furnish only limited support to RAS. Especially since agree- 
ment among U.S. astronomers as to frequency needs was lacking, and 
in view of realities of other current or proposed uses of the spectrum, 
the U.S. Preparatory Committee concluded that it could justifiably 
support only the 1400-1427 Me/s channel for radio astronomy. 

Now it should be recalled that in the past, the CCIR maintained 
a status primarily as an advisory body. Its technical recommenda- 
tions are formulated by representatives of many different nations so 
as to be relatively free of any international political overtones. Since 
these representatives are technical specialists, the recommendations 
are formulated on sound technical grounds; however, even if adopted 
by a CCIR Plenary Assembly, they may ‘later undergo revision in 
light of other practical, economic, and political factors. ‘Thus, it has 
been generally conceded that the CCIR actions carry no force until 
they have been first proposed by a delegation of a member nation 
and then accepted by the Administrative Radio Conference. Of 
course, they must ultimately be ratified by the member nations. 

When the Geneva Conference began, those radio astronomers who 
had participated as consultants to the CCIR, and were conversant 
with the CCIR actions, were puzzled and disappointed on learning 
that the U.S. delegation intended to take a position in Geneya in 
support only of the “hydrogen line,” and not explicitly of any other 
bands recommended by CCIR. Initially, only a few other nations 
had an interest in the matter and since none upheld the CCIR points, 
protection of RAS was in danger of being lost altogether. 

Writing in the New York Times of September 20, 1959, Walter 
Sullivan noted: 


Many leading astronomers fear that the world is soon going to blind itself to 
what is going on in space. 

Their indignation falls on both the Soviet and the U.S. Governments. In 
particular, they are dismayed by the U.S. attitude on a proposal to reserve 
certain radio frequencies for eavesdropping on events in the universe. 

Last April an international conference at Los Angeles recommended that a 
number of such frequencies be set aside. The U.S. delegation at the current 
meeting of the ITU at Geneva has only supported one * * *., 

The decisions of the Geneva Conference will be in force until the next session 
of the organization, 10 years hence (editor’s note: An extraordinary meeting is 
now being planned for 1963). By then, according to several specialists in the 
field, radio astronomy will be “dead” * * 

The reluctance of the American dea fib at Geneva to support more radio 
astronomy frequencies is undoubtedly due to the heavy pressure on the entire 
spectrum of frequencies both for commercial and military use. It is estimated 
that the frequencies that the scientists want for their star gazing are worth about 
$100 million a year to the communications companies * * *. 

The answer given by the scientists is that their request covers a mere fraction 
of 1 percent of the full spread of frequencies available. The companies can get 
the channels they need, it is argued, by more efficient use of other bands * * *. 

Two new developments are of special concern to the astronomers. One is the 
imminent launching of communications relay and navigation satellites which will 
saturate the skies with radio waves. ‘The astronomers are also concerned about 
the swiftly growing interference with their work by Earth-based transmitters. 
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The newer radio astronomy receivers are so sensitive that they receive inter- 
ference from moderately powered transmissions anywhere in the world. This is 


due in large measure to scattering layers in the upper air that throw such signals 
back to Earth. * * * 


The great radio astronomy observatory near Leiden, the Netherlands, is 


already being troubled by radar transmissions from Alaska, on the other side of 
the world. * * * 


The United States at Geneva is supporting only one band—that from 1400 to 
1427 Me/s which is produced by the hydrogen gas within the galaxies. This, the 
astronomers say, is the most important part of the spectrum, but to limit observa- 
tions to one band is like limiting one’s view of the universe to black and white. 

One of those who has reacted most strongly to the situation is Dr. Lee Gold- 
berg, director of the observatory of the University of Michigan. He is also vice 

resident of the IAU. Others concerned are Dr. Otto Struve, head of the U.S. 

ational Radio Astronomy Observatory (NRAO); Lloyd V. Berkner, head of 
Associated Universities, Inc., which administers the NRAO and who speaks also 
for the American Geophysical Union and the International Scientific Radio Union 
both of which he heads.” 


Writing in ‘‘Science’” of November 6, 1959, Dr. Graham DuShane, 
its editor, noted: 


Radio astronomers in this country have been highly critical of the position of 
the U.S. delegation which originally proposed to reserve only the hydrogen line 
from 1400 to 1427 Mc/s and to work out other desirable allocations where practical. 
In anticipation of the current conference, the FCC several years ago made an 
inquiry on radio astronomy and elicited the opinions of individual radio astron- 
omers. All agreed upon the importance of the hydrogen line, and all wanted 
other bands reserved, but they did not agree upon which ones. Many of those 
proposed cut into frequencies now in use by governmental and commercial broad- 
casters. ‘These could be changed only upon establishment of superior claims. 
Our delegation to the Geneva Conference could not enter into a treaty that disre- 
garded these domestic commitments. It could, however, get a foot in the door 
by agreeing to a “resolution” to allocate certain frequencies to radio astronomy. 
This would not have the force of a treaty, nor would it require Senate ratification, 
but it would permit gradual readjustment of the requirements, and would amount 
to a statement of intent to support the needs of radio astronomy. 


It should be noted that some of the initial consternation originated 
among radio astronomers in the smaller European countries who were 
alerted to the pending actions. Because of their close proximity to 
transmitters in neighboring countries not under control of their ad- 
ministration, and thus a potential source of radio interference, they 
must depend, even more critically than scientists in the United States, 
on international agreement for frequency reservation for radio astron- 
omy service. 

Interpolating further, American scientists, in the fall of 1959, while 
the Geneva Conference was actually in session, then realized that not 
only was their own research threatened by the lack of ITU recom- 
mendations for improved radio astronomy protection, in view of the 
rapidly expanding state of the art, but there was also the implication 
that, in an era when scientific achievement is becoming increasingly 
linked with international stature, more vigorous leadership by the 
United States was needed in matters of concern to scientists through- 
out the world. 

As was noted earlier, the U.S. delegation must first look for guidance 
from those agencies responsible for domestic allocations; namely, the 
FCC and the Interdepartment Radio Advisory Committee. On the 
one hand, these organizations already had domestic commitments to 
honor, or plans to provide frequencies for future commercial or 
military use. Their investigations, although not completely up to 


611.8. Stand on Radio in §: Astronomers Attack Move To Have Only One Frequency for Such 
Operation.” Walter Sullivan, New York Times, Sept, 20, 1959, p. 27. 
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date, had indicated a unanimity by scientists only for reservation of 
the hydrogen line, and a lack of agreement by scientists on other 
frequencies. Apparently an independent study of the problem, in the 
spring jof 1959 by the President’s Science Adviser, implied the same 
result. On the other hand, the U.S. delegation had received much 
broader recommendations, 437E (Rev.) from CCIR. It is probably 
fair to say that radio astronomy had evolved further, its importance 
for both scientific and practical purposes had been continuously and 
rapidly elevated, and that these changes may have been evolving far 
more swiftly than those responsible for planning the Geneva Confer- 
ence had realized. The official delegation of 30, named by the Depart- 
ment of State on August 7, 1959, however, did not include any radio 
atronomers or scientists who could represent an on-the-spot point of 
view of radio astronomers. Until developments during the Geneva 
Conference itself, the emerging needs for radio astronomy were not 
brought into sharp focus. Thus, with a position for a hydrogen line 
having been founded on thorough study, without direct representation 
of interests of radio astronomy, and lacking a coherent and strong 
presentation by U.S. radio astronomers, the CCIR recommendations 
may simply not have crystallized in time for consideration by the 
U.S. delegation, when preparing for the Conference. That is, if the 
CCIR recommendations had been available a year or so earlier, it is 
conceivable that the U.S. delegation could have gone to Geneva with 
recommendations for radio astronomy service which matched the 
strength of the American proposals for frequency allocation for 
Earth-space communication. 

As soon as the austerity of the U.S. proposals was known early in 
the Geneva meeting, the Netherlands introduced a recommendation 
that essentially reflected the CCIR position. It then became clear 
that the potential existed for the Soviet Union which had been un- 
committed on this issue to press for the CCIR proposals and thus to 
exploit for propaganda purposes its avowed support of international 
pei a situation that could have been embarrassing to the United 
States. 

Alerted to the situation through the U.S. delegation to ITU as 
well as other sources within the country, and at the explicit suggestion 
of the Panel on Science and Foreign Affairs of the President’s Science 
Advisory Committee, a meeting was called on October 16, 1959, by 
the National Academy of Sciences-National Research Council, in 
Washington, at which a group of the Nation’s leading radio astrono- 
mers and representatives of scientific societies concerned met to discuss 
and agree upon minimum requirements for protection of radio as- 
tronomy frequencies. Accordimg to a press release by NAS-NRC 
of that date— 


* * * the astronomers present agreed unanimously that they were in sub- 
stantial accord with proposals already made by the IAU and URSI, which in turn 
were based largely on recommendations previously made by the Corr. 

At an afternoon session, the astronomers were joined by representatives of the 
U.S. Government agencies which are responsible for frequency allocations to both 
governmental and nongovernmental users in this country, in order that mutual 
discussion might clarify the needs of radio astronomy for adequate allocations. 
These included representatives of the Department of State, the FCC, and the 
Department of Defense. 


Essentially then, out of this meeting came an agreed statement 
by the radio astronomers of their needs, a useful exchange of views 
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with regard to the difficulties, and an agreement to establish an 
ad hoc working group of radio astronomers and Government officials 
to explore immediate steps that might be taken to strengthen the 
position of the U.S. delegation at the Geneva meeting relative to 
radio astronomy. 

Subsequent actions were then pursued as follows: 

(1) The ad hoc working group met on October 17, 1959, and agreed 
upon certain modifications of a resolution that the U.S. delegation 
was then already considering in seeking “resolution status’’ for a series 
of frequencies for RAS. The working group, according to a summary 
report of November 27, 1959, by Dr. S. D. Cornell, Executive Officer, 
NAS-NRC— 
recognized that the resolution, even as modified, would fall far short of meeting 


the full needs of radio astronomy as defined at the meetings of October 16. They 
welcomed the resolution, however, as an important step forward. 


(2) The working group agreement was reviewed on October 20, 
1959, by IRAC. 

(3) That evening, the result was transmitted by the Department of 
State to the U.S. delegation at Geneva for consideration. 

(4) The U.S. delegation immediately responded by submitting a 
revised resolution to the Administrative Radio Conference at Geneva 
on October 22, 1959. It is quoted fully in eer, C. It differed 
from that developed in Washington on October 17 in the following 
respects (again quoting from Dr. Cornell’s report)— 

(a) The working group had agreed that “footnote status’’ should be sought for 
the standard frequency bands between 2.5 Mc/s and 25 Mc/s. The delegation at 
Geneva felt it necessary to seek only “resolution status’’ for these bands initially, 
but agreed to try to obtain ‘‘footnote status’’ for them as the situation developed 
further. 

(b) The working group had agreed that TRAC would consider whether ‘‘footnote 
status’”’ might be sought for the 404-406 Me/s band. IRAC concluded that it 
could recommend to the delegation in Geneva no more than “resolution status’’ 
for that band. 

(c) The working group had agreed that every effort would be made to include 
in the resolution a band in the neighborhood of 1660-1670 Mc/s (hydroxyl lines). 
Because of prior actions already taken at Geneva, however, the delegation felt 
that this band could not be included in the resolution initially, but agreed to seek 
to add it to the resolution during committee consideration at a later date. 


(5) On October 30, 1959, Dr. Detlev Bronk, the President of the 
NAS-NRC, addressed letters to the Secretary of State, the Secretary 
of Defense, the Director of the Office of Civil and Defense Mobiliza- 
tion, and the Chairman of the Federal Communications Commission, 
expressing ee for the cooperation of those agencies in seeking 
a solution of this problem, noting that the needs of radio astronomy 
had by no means been met as yet, and voicing his hope and confidence 
that ways would be found to meet them fully. 

(6) Replies to this letter unanimously endorsed progress made and 
offered continuing cooperation. Certain points in these replies bear 
further mention. The response from the Secretary of State stated: 

It is gratifying to note that there will now be a means for closer relationship 


through the Academy with the radio astronomers and I trust that this will prove 
mutually beneficial in the development of the science of radio astronomy. 


Summary Report by Dr. 8. D. Cornell, Executive Officer, National Academy of Sciences—National 
Research Council, Nov. 27, 1959. 
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From the Director of OCDM came the statement: 


The recent meeting of radio astronomers sponsored by the National Academy of 
Sciences, produced an exchange of views and an updating of technical information 
which are very helpful to members of my staff who were ir attendance; 


and from the Chairman of the FCC, the comment: 


I think it is most important to the interests of persons involved in this science for 


them to be able to speak with one voice, as appeared to be the case in connection 
with recent meetings. 


The reply from the Secretary of State also pointed out: 


The distinction in status among allocation table, footnote-to-the-allocation 
table and Conference resolution is a distinction in the degree of protection from 
interference which the Conference is willing to give the service concerned. Inclu- 
sion in the table itself is usually considered strongest. Inclusion in a footnote, 
while having treaty status, is usually junior to inclusion in the table but depends 
upon the nature of the footnote. Inclusion in a Conference resolution indicates 
the will of the Conference to recognize the service as stated in the resolution 
but is not of the stature of inclusion in the treaty which is duly ratified according 
to the constitutional processes of each country. It would be, however, published 
with the treaty and a “foot in the door’—a basis for international appeal to 
clear interference, if without compulsory effect. Depending upon experience in 
the bands, indicated between this Conference and the next, it may be possible to 
obtain a higher status then.® 


G. INTERNATIONAL REGULATIONS FOR RADIO ASTRONOMY SERVICE 
ADOPTED BY THE ITU IN DECEMBER 1959 


This brief account of recent actions concerned with protection of 
radio spectrum for radio astronony service ends with a summary of 
the actions taken by the Administrative Radio Conference at Geneva. 
The needs for radio astronomy which were developed at the October 16 
meeting are summarized in table 3. Allocations made at Geneva are 
summarized in table 4. A comparison of the two reveals the extent 
to which the needs have been satisfied. 

Only item 10, the hydrogen line, has been shown in the table as 
allocated. However, a very considerable step forward through “foot- 
note” action was taken for items 6, 7, 8, 9, 12, 13, 14, 15, and 16. 
Although the frequencies delineated in the Geneva Radio Regulations 
are not identical to those requested by the radio astronomers, they are 
sufficiently close that receivers specially constructed for certain bands 
can pick up signals at the ITU frequencies as readily as at the adjacent 
frequencies originally requested by the radio astronomers. Further- 
more, there is a sufficient number of these ““RAS footnote” bands that 
a complete sampling over several “‘octaves’’ of the spectrum is possible. 
What remains to be determined from experience, however, is whether 
the footnote status offers, in fact, adequate protection from 
interference. If not, then at the next opportunity an even stronger 
claim for elevation to allocation status could be entertained.® ® 


wa re, Tw 399.40/10-3059 of Nov. 13, 1959, from Secretary of State to Dr. Detlev Bronk, President, 


The distinction between the various types of allocation status is further discussed on p. 81. 
Radio Regulations, Geneva, December 1959, (see app. G), page references given in table 4. 
‘ bab ag eee to recommendation 35 for Extraordinary Administrative Radio Conference in 1963 
on p. 

® The radio astronomers note that the signal level they work with is so weak that subtle low-level inter- 
ference becomes an insidious cause of misinterpretation, Such sources are not readily identified for reporting 
tothe IFRB. Thus internationally cleared bands, without sharing, are required. Where transmissions 
are now being made on RAS footnote status bands, any move to other points on the spectrum creates a 
chain reaction and continued hazard of interference, but of a different kind. Intense study of spectrum 
Management becomes all the more urgent. 
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TasLe 3.—STATEMENT oF NEEDs or Rapio AsTRONOMY 


Meeting on frequency allocations for radio astronomy, National Academy 
of Sciences-National Research Council, Oct. 16, 1959 


The radio astronomers at the a unanimously stated the needs of radio 
astronomy for allocations in the radio-frequency spectrum to be the following, 
insofar as those present could foresee them: 


Item shies * Remarks 


These are now allocated for standard frequency and time signal emissions, with 
guard bands extending 5 ke/s on each side of the signal frequency at 2.5, 5.0 
and 10 Me/s, and 10 ke/s on each side at 20 Mc/s. The guard bands can be used 
for radio astronomy if they are policed to eliminate all transmissions other 
than the prescribed signals. They need also to be extended either to high or 
to low frequency to provide a cleared band 20 ke/s wide either above the 
highest or the lowest signal frequency in each band. 


Deuterium line. 
Hydrogen line; already included in official U.S. position, 
OH lines. 


The radio astronomers present agreed unanimously that full international 
clearance of all frequencies allocated to radio astronomy is imperative. 
Notes 

The bands 322-329 Mc/s, 1400-1427 Me/s, and 1645-1675 Mc/s are fixed by the 
emission properties of deuterium, hydrogen, and OH, respectively, and cannot be 
moved to other locations in the spectrum. 

All the other frequencies above 20 Me/s are chosen to provide for astronomical 
observations at an adequate number of locations well distributed through the 
spectrum. Any of them can be shifted somewhat; but it is important to provide 
for observations in each octave of the spectrum. 

With regard to the lower frequencies, the radio astronomers present stated that 
radio astronomy needs four or five bands of 20 ke/s-width spaced reasonably equally 
between 2 and 25 Me/s. The frequencies 2.5, 5, 10, and 20 Me/s were chosen 
because they are already allocated for standard frequency and time emissions, 
with guard bands of 5 or 10 ke/s on each side to protect the signal frequencies. 
The guard bands provide an opportunity for astronomical observations. Ade- 
quate policing is necessary, however, and the guard bands need to be extened on 
one side or the other to provide a cleared band 20 ke/s wide either above or below 
the actual signal frequency. 


Items 1, 2, 3, 4, and 5 in table 3 are satisfied only as Recommenda- 
tions. Item 11 is satisfied by reservation of that frequency only in 
the Soviet bloc of nations. Otherwise, the request for reservation of 
that frequency can be considered as lost. 

It is somewhat too soon after the Geneva decisions to determine 
the extent to which the needs for radio astronomy have been satisfied. 
In those cases where a frequency is already in use, its withdrawal from 
a former service has the most serious kinds of economic as well as poli- 
tical implications that require each case to be studied on its own merits. 

There has been solid accomplishment, however, in protecting the 
most crucial frequencies surrounding the hydrogen line. There has 
also been a genuine effort to initiate clearance of a large number of 
other desired frequencies such that over the next few years, as existing 
communications equipment becomes obsolete, these frequencies may 
be voluntarily withdrawn in accordance with the footnote requests. 
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At the very least, new entries will be prevented at the RAS frequencies, 
but existing stations would be given a “grandfather” status. Then 
at the occasion of the next radio conference, there is reason for opti- 
mism in having at least some of these additional frequencies shifted 
to radio astronomy service. 

As was noted in the various replies to the letter by Dr. Detlev 
W. Bronk, there is now a greatly awakened recognition of the needs of 
radio astronomy among those who had reviolialy Been primarily con- 
cerned with the communication qualities of the radio spectrum, 
rather than those needs of scientific research. There remains to 
mature a fluent mechanism for the future interchange of information 
such as will provide the United States with a clearly identified, posi- 
tive stand on international issues, wherein the Nation’s prestige and 
stature emanate from considerations of science. 


X. ReGunatTions FoR Space TELECOMMUNICATION ADOPTED BY 
1959 Geneva CoNnFrERENCE or ITU 


A digest of those particular sections of the table of frequency allo- 
cations revised at the Administrative Radio Conference in Geneva, 
1959, is given in table 4. The full text of the frequency allocations 
appears as appendix G. 

Channels for either Earth-space, space-space, or radio astronomy 
service are combined in a sequence arranged according to emission 
frequency. Particulars are also given concerning the parent band in 
which these frequencies are embedded, the primary and secondary 
uses of that band, including consideration of regional variations. For 


a variety of reasons related to past practices, geography, propagation 
characteristics and spectrum crowding, allocations are sometimes made 
by regional rather than global agreement. Region I embraces Western 
Europe, all U.S.S.R. and Africa; er 2 includes all of the Western 


Hemisphere; region 3 is, roughly, all of Asia, except the U.S.S.R.% 

Also included as footnotes are numerous explanatory details which 
amplify entries in the table itself. 

Although described previously, some further explanation is offered 
of the different kinds of action with regard to any particular frequency 
allocation: 

(1) Inclusion in the radio frequency allocation table of the inter- 
national radio regulations. Upon ratification this gives the allocation 
international treaty status and binds each nation to effective compli- 
ance. 

(2) Inclusion in a footnote to the radio frequency allocation table. 
This action gives the allocation treaty status, but its strength depends 
on the wording of the footnote. 

(3) Inclusion in a Conference Resolution. This indicates the agree- 
ment of the participating nations with the desirability of the alloca- 
tion, and implies a substantial measure of responsibility for its observ- 
ance, but does not have the force of a treaty. 

(4) Inelusion in a Conference Recommendation. This expresses 
the agreement of the participating nations that the several local 
administrations should work toward the allocation or other action 
concerned. 

Entirely apart from the actions relating to frequency reservations, 
attention should also be called to Resolution 7 relating to radio 


" Radio Regulations, op. cit., art. 5. See app. G. 
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emissions from artificial satellites and other space vehicles which 
notes that it is desirable to study the question of identification, and 
the provision of automatic cut-off and invites the C.C.IL.R. and 
Members of ITU to give due consideration to the problem. 

To summarize, the Conference took note of the rapidly changing 
character of space technology, and the inadequacy of ordinary admin- 
istrative processes for coping with the problem. Recommendation 
No. 35, which is quoted in the following, expresses a point of view 
recognizing that those allocations recently made only reflect research 
requirements of the immediate future. The recommendation also 
takes note of new technical data that are likely to be emerging swiftly, 
and of the mechanism of an Extraordinary Administrative Radio 
Conference that would be assembled if necessary to consider studies 
by the CCIR and other competent organizations, and to consider 
relevant new provisions regarding (1) frequency assignments for space 
research or for space communication, and (2) special measures relating 
to the identification and control of radio emissions from space vehicles. 


RECOMMENDATION No. 35 


RELATING TO THE CONVENING OF AN EXTRAORDINARY ADMINISTRATIVE RADIO 
CONFERENCE TO ALLOCATE FREQUENCY BANDS FOR SPACE RADIOCOMMUNICATION 
PURPOSES 


The Administrative Radio Conference, Geneva, 1959, 
Considering 


(a) that several delegations participating in the Administrative Radio Con- 
ference have proposed to allocate frequencies for space research purposes only on 
the basis of the research requirements for the next few vears; 

(b) that the C.C.I.R. has already under study technical questions relating to 
radiocommunication with and between space vehicles; 

(c) that the Administrative Radio Conference has recommended to the C.C.1.R. 
that the identification and control of space vehicle emissions be questions for 
study by the C.C.I.R.; 

(d) that until the results of some space research programmes are available the 
extent to which space radiocommunication services and other radiocommunication 
services may share frequencies, without harmful interference, cannot accurately 
be assessed ; 

(e) that additional research experience and the results of studies by the C.C.1.R., 
and other interested organizations, relating to space radiocommunications are 
essential before it will be feasible for the Union to take decisions on firm frequency 
allocations for space radiocommunication purposes ; 


And bearing in mind 


that the Union is the specialized agency in the field of telecommunications 
and that it is necessary for the Union to provide adequate frequency allocations 
for all categories of space radiocommunications as soon as the results of research 
and studies by the C.C.I.R. and other interested organizations make this possible; 


Recommends 


1. that an Extraordinary Administrative Radio Conference be convened, in 
principle during the latter part of 1963 with a duration of approximately one 
month and with an agenda which should include the following basic items: 

1.1 to examine the technical progress in the use of radiocommunication 
for space research and the results of technical studies by the C.C.I.R. and 
other interested organizations; 7 

1.2 to decide, in the light of this examination, on the allocation of fre- 
quency bands essential for the various categories of space radiocommunica- 
tions; 

1.3 to consider whether there is a continuing need for the allocation of 


certain frequencies for space research purposes and, if so, to take appropriate 
action in this regard; 
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1.4 to adopt, if such action is considered desirable, new provisions revising 
the Radio Regulations to provide for the identification and control of radio 
emissions from space vehicles, taking into account possible Recommendations 
of the C.C.I.R.; 

2. that the Administrative Council review the situation during its 1962 and 
1963 ordinary sessions on the basis of information received from Members and 
Associate Members of the Union, the C.C.I.R. and other interested organizations. 
Should the Administrative Council decide that there is sufficient justification for 
the convening of the Extraordinary Administrative Radio Conference in 1963, 
it shall reeommend to Members and Associate Members of the Union the date 
and place for the Conference and its Agenda; 


And invites 

those Members and Associate Members of the Union which launch satellites 
during the period of space research before the convening of the Extraordinary 
Administrative Radio Conference referred to above to keep the Administrative 
Council, and the relevant technical organs of the Union informed of the frequencies 
used and the technical progress achieved in the use of radiocommunication for 
space research purposes. 

It should be also recalled that Study Group IV concerned with 
space telecommunications is sure to meet prior to a plenary assembly 
of CCIR in 1962, so that any new proposals for Earth-space service 
will be ready for the Conference in 1963. 

Thus, both in language and substance, the ITU offers its auspices 
in a spirit of cooperation to provide for future needs of space tele- 
communications. The vigor and effectiveness of exercising this 
mechanism rests with the States-members. Potential for U.S. leader- 
ship in this field is thus clear. 





= 
=] 
z 
° 
oO 
5 
g 
25] 
a 
ea) 
o 
a 
* 
[aj 


“(e1) 


“OPLMPLIO.M 
eV D0TG JAOS 
7d90x0 OplMpi0 AA 


“Gn 
“(on 


“(e) () 
ed 


9 OPPAPLIO MA 
4 OPTAPLIO MM 
g ATuo [ uojs07y 


“OPIM PIO 
e’ (ueder pus 
eypuy ‘voloy 4de0 
-X8) ¢ PUB | SUOTFOY 
“mosey 
60d 
wood 


rod 


¢10d 


rod 
2rod 
210d 
rod 
219d 
srod 


¢ FOPTAPLHO MA 


woq80y 


696] 4aquiasag —paauay ‘a0uasafuog otpoy aarpujsiurupy ‘Aiuouosmsp orp. pun uornotunumwoo aonds sof wnapads orpvs fo uorwos0y y 


"OTIQOUI Roypreuolee ydeoxe 
‘aT]GOU puB pexy ‘spye [BoTFO][O.100} 0/7 
y Soeds-41I8q ‘e]1qour [eoyneu 
-0.198 Jde0x9 eGoul pus poxy »‘oovdg 


at en 
g, woygou ul Supseopeon, 
pus ‘oyjqou ‘pexy ‘uo};eZz]aeu OIpey 
~-""""% DUB [ SUOTZ01 UT ZUTISROpLOIg 
*g UOTA01 UT Fuyysvopvo.iq 
pus ‘oyjqow ‘pexyg fuomesyaeuolpery 
‘% pus [ Su0]s01 Ul SUTISvOpROIg 
“@TIQOU pus pexTy 
““OIQOU pus poxy ‘TeoTZ0;O100}0 Fy 
, ooeds 
‘sounds ‘spre [eolsoTo10ejoWW 
“UOTIVZTABUCTPBL SS. 


~“s/2 OOLI-099T 
“-“"S/OI 6Gb1-LZ41 
"S/O LOPT-OOFI 


~~=""" 8/07 068-289 
“-="S/9N. 064-909 


"8/97. 068-289 
“""8/0W 062-909 
“““S/OW 0ZF-90F 
"S/O 90F-10F 


S/O 106-006 
S/OW 'SEE-9'8ZE 
S/OW 9°8ZE-2zE 
~~~“ S/OW 9Ié-FLI 
~"-"""S/OIAL PST-IST 


S/O LET-9eT 


~ ATWO 90Tq 7OJA0g 


-queg 


Se 8VuH 
yooeds-qyieq »‘ooudg I 
eTqou pus eae 

¢ yo0Rds 


“Yweg ‘eyqou pus ‘pexyg ,‘eoedg 


S/O S*L8-2'SL 
“=-"""""S/07AT Q°bL-89 
O'1F-2'6z 

sfoW 1-262 


S/W O'1F-2'6Z 


~-e--“SuTISBopBolg pus ‘e]}qour ‘DOXA 
Sulysvopeoiq ‘eyjqou ‘ ore 


op-----|- “S/W 010°92-066"Fe 


“-"" 8/94 O10'0Z-066'61 
~*""8/04 OT0‘0Z-066'61 
op-~~~"|"""""8/03] O10'ST-066'FT 
“op-~-~"|""--""s/O4 $00‘0T-9666 
“op 8/94 900‘01-9666 
a 8/2% 9009-4664 


SVU 
*sosod.ind 4oJBesed JO] 800} 
-A10S oOVds-Y4IVG pur ¢ eoudg 


~oeen=""§/09 ZOSS-BEFE 


waorssscewemenen=== Kuenbed PABpueig 


sn AIvWIg pueq Jueleg 


~~“ """"181Z 99003007 
~-2 => -eeeangpen-e- 


~-*-*""1O}JBOOTLY 


1s Te 
UOTJepUSMIUIONEY 


~“--"d11z go0uj00g 


~~" 960g 9400300, 
WOT BOOT VY 


qL0z 93003007 
Pe0g 03003004 
Ql6I 03003004 


UOoTBOOTTV 


Qz6I 0300300,5 
081 03003004 


gL 0400300,q 
tt 
UOTJVPUSTIMI0NE 
oc BZ9T 
90U}00} pue 0g 
UOT} BpUSUTMI0007T 


0400400} pu’ oF 
U0}}BpUusUTUI00e7 


snjieig 


“0-1 


99-004 


“=== 49 ‘99-17 
sh-o-esaraaay 


“"="8/97A. 069T-099T 


~“S/OWW 6241-LZ¥1 


“S/O LZVI-O0FT 
"8/0. 619-909 


a. 8/0 W-F19-909 
"8/01 O1F-F08 


— S/W S91-08T 
2 aa toon S/W L81-98I 


S/O 92'08-92°6L 


“S/O 96'0F8/1N 89°04 


uopernser 9 .L]| esn sovds Joy Aouonbelg 


‘} Gav 





: 
é 
P 
: 
: 
E 
3 


* PAIS AUIOUOIISE OTPBI,, 10} WOTIBIAVIGQ" SI SVU ee 

“a “ddv 00g 1g 

"CT “dds 008 o 

"£) “dd 09g 67 
*(suo;jensey OTpey 
“@961 ‘BAOTIOL) ‘ST-9 O[OTITY) GOTAJOs OUIYS OT} UIOIJ WOT}0e}0I1d TI}eTO UBS AOU,T, ‘eojA10S 
Td B JO SONIOJIO}UT [NFMIVY UO’ WOT}Oe{OId MITeIO yOUTVO PUB seojAses AreuTd 

JO SUOTIEIS 0} GOMOIOJIO7UF [NJUIIVY esNBd JOU [[eYys eopAses AIBpUOeS B JO SUOTIEIB 9 
“e0Ud19}I0}U] [NJULIeY OU Buy 

-sneo 03 yoofqns ‘sesod.ind yorvesel Joj ‘seoyAses oouds-yyIeq pus sovds 03 UOTBOOTTY ut 
*sesod.ind yol1vesel JOJ S00, A108 oouds-yjIVG pu esoRds 04} 
0} ‘sjseq AIBPU00DS B TO PO}BOOTIS OSTB St S/O 0OSS-00FS PULG OT} Seo] A.10s TOTZBOO[ OF pl 
OY} 03 PezBOOT[s sf S/oUT NOSS-NSZS puLq O43 ‘WopsUTy peu ey) pus eyTeaysny. | Ss 
TWOTVILABUOT PBI 0} POPBOOTTS OSTR ST S/O OSES-OSzg PUB 943 “YW "S"S'O PUP BIyVACTSOyNeZ_ 
‘puspiezj;mg ‘uspemg ‘ejueUINY ‘puBlog ‘Alesuny ‘epesing ‘“vpysny eke a n 
SPUBq BSOT} YOTYA 03 SEOTAJOS JOYIO OY} YITM COUeTEJIO}UT [NJUIY OU ZuTSNeO 04 4oo[qns 

‘seoyAros eovds-yj1eq 94} PUB coRds O43 07 Sjs¥vq AJBPUOIES B UO PO}POOTTS GIB SpUvE +; 
*SU0;FBAIOSGO HYY 07 OS[Y Pozool[e sf 

pueq S143 “3°S'S'A Pus ‘BTYwAoTsoyooz() ‘ByuBMINY ‘puvfod ‘Alvsuny ‘vvsing Uy’ 
*SOOTAIOS ‘O[|QOUI [BOTINVUOIER 4deoxXe ‘o[]qOU 0} PUB PExy 0} Po}PoOTTe OSTe Ss} puRq 

“U'S'S'D pus BABAosoyoezH ‘vjuvuny ‘puvjog ‘ArwZuny “vyesng ‘eyavqry Uy 
*QOJAJ0s ATIOUOIISBOTPRI OY} 
JO} WOT}0E}OId ETQLdT}OvId WINMIXvU OY} PJOYe 03 sv ABA B YONS Uy ‘pug s}qy} Uy SedjA10S 
10430 JO SUO}}8}S 0} SoPOUONbeY Us{ssu pynoys Jo ‘gyy 10j eer; pug sty} e[qvoyjovid Se 

18} SB OALOT P[NoYs ‘suid JUCMIUSsse Aouorbey dn ZujMesp UST ‘suOT}BIISTUFUIpY 1 


o{rqour “poxy 
» oovds-yjaeg y‘eoedg |- 
aTqour pus ‘pexty 
~=~"UOPJBOOTOTPBY 
eT}qow pus ‘pexly 
*S/OW 0089 98 [BoypeuT ‘OYIIUETOS “TET14 
-SNPU] OS[S ‘INO}BUIB PUY HOTIBoooIpVy 
UOHPBOOTOTPeY 


2 Op} Appio ~"""> = (SVU) BorBoofoIpey 
*(i) ATUO d0[q JoTA0g ‘SV 
or OPT Apo M » covds-yy1eq ,‘o08dg 


*(o1) ATWO d01q 491A08 “SV 
‘od » 90uds-qj18q ;‘o00d 


“BAIOSGO GY Y 0} SOUCIOJIO} U] [NJULIVY PJOAv OF somnsveU eTqeoTORId [Te 

~BISTUTUIPS ‘Pojsed s[y} SUING “Poywoo]ye Ss] PUB STYI YOIYM 04 SedpAses JeyjO Aq osN Oj 

perder s} 4] SB OM} YONs [UN SYY Joy pesn oq Avur puvq oy} ‘g puL T ek OS 
“syseq wore Jo [euOTIeU B uO 


Oq [BUS SIU] S04} UTUITA puLq snonuy}UO0D Bvjdoldds UY “SY H 0} poywoorye osye 
Q18 [ UOTZE1 UT S/O, O1F-90F PULA ON} PUB g PUB Z SUOIZOI UY S/W OLF-F0F PUBG. OUT, » 


O[I}GOUI PUB PEXY 0} PozBOOT|B OSTS St S/O TOF-00F PUB 043 ‘USpeAg PUB “a's's'a ‘STyRA 
-OjsoyoozH ‘vjusanyY ‘puvjod ‘Alesuny{ ‘vjesing ‘wyueqry er aoel tape ae 
QOJAIOS WOTJBOO] O[PVI OF PozBOOT[S st S/O OTF-OOF PuBq Om} mopaut peyu 
“puBd Sty} Jo 

Ul SVU JO Speda pura Uy Jv0eq P[noys suo}eayspuyuIpy “Juul 
“01100 JO JOQUINU B U] 4NO pop.LIwo o1B (8/2 F'LZE) SUF] WINJJOyNEp Wo sUOIABAIESgGO BY H 9 

“se0jAdos Aletyid 973 oq [1A Sed,4l0s coeds 
“YLVY pus covds Oy} ‘eojA10s Spy} JO UOWJENUTUOISTP UD “pUvd STYy} UT e7eI0dO 0} senUT} 
-U0O 4] SB FUO]T SB JO} eofAs0sS AseUTTId Oy} 9q [[}A edTAJeS (HO) opqour "peace ae my ‘ 

’ 


Gove WIOIJ Pe}0}O1d GIv SEOTAIOS ESOT} JETT} 3U07XO OG} 04 ATMO ‘suOTIETNZEY esoty} JO SUOTSTA 
-O1d 944 QI} GOTBPs10008 UT Spueq J0Y}0 Ti] BuyeJEdO SeoTAJoS TIO OOUIOJIE}UT [NFULIGY 
Woy peqej}old oq [[eqs ooyAJoS AMIOUOIIS¥ OFPe1 ogy, ‘e0UGl0J107UI [NJULIVY UIOI SUOTIVA 
-108q0 AUIOUOI{SB O} PBI 490401d 04 Sde}s 91q¥vd [[8 9Y8} 0} POZin Ore suOTJEIISTU;UIpe 

*poqBOOT]e S] PUB STU} YOY 04 SEO]AIOS JOYIO JO SUOTIVIS OF S}USTTUZ|Sse BuyyVeUl Uy ¢ 
“S@OJAJOS 1OYIO 40} SPUB BSO} PIOAB P[NoYs suoryesystuyUIpS ‘er 

-UBOTI OY} UT IVY} PUB PolEpTsMOd Oq SY YH JOJ UOTPVOOI[S ULIY B IBY PopusuTUOONL Sf} 4] ¢ 
“eOUdIJIOF UT [NJULIBY Wo spusq Aouenbey psepuyys 04} 

PJENFojJvs 0} SOINSLOT OTQVOTIOVId [[e OAV SUOTIEIIS|UTTIPS Jey} POPUOTIMIOIEI S} 4] 1 


WOHJVOOTTY 
Sonecone= eget de 
— 

qlez 0400300 


~-" = "181g o10Uj00g 
seane=OPWOOTLY 


oi “s/o ogss-0ege |" SIZ 949073007 
~--“"""S/0 A. 99Z9-09Z9 |-~ ~~~ ~~ UO;4UOOTTY 


“""==""8/9 Al 0009-00bF | ~~~” ~“O1Zz B0Uj004 
““"""S/9 7A O008-00FP 5 eee eee 


“-"S/OTWT OORE-OOTE | ~~"“ISTZ MONI00g __ SOW 618-2978 
“-"""8/9W. 00L2-089% |"--~~912z OUX00 ~~ WOT 0026-0608 
S/O 00&Z-0622) °-=-9D* 


“S/O 008%-0672) 
aioe eae aeest "S/O OTLT-00ZT 


“S/O OIZT-O00LTS 


tOPI MPO. MA r op ---- wooeeoon 
“8/07. O18¥-0085 


a4 < S Ee sIQoW pus poxTa 
“lepei 
diqs juvyo10nr pue aoT}BoOT OTpPey 
eee eee ee ee eTIqom pus poxlg 
““""-@ PUB Z SUOTFZO1 ‘e[IGOUT puw poxTy 
Pee ee ee ~“--"=""<" OT#e1 ‘pexty 
“"g pus Z SsuUOTZ01 UT OT}GOuUI pus ‘poexly 
a eae eens “-J uoTse2 ‘poxtga 


*(e1) [~~ ~~" 4TUo a0tq yeya0g ‘Sy uA 

¢ Op] Appio “Ad =e 

os “~=-se=e=s aopds-yyieg »‘eoedg 

eT WOrseqy =|)» s0eds-yqueq ‘epTIqoul s‘eoRdg 

"g ‘% uolZ0y ~--""") gouds-yqieg s‘eoedg 
orl Woysoy 


“, ovds-yqieq ‘oj}qour ,‘sovdg ““"uOTPBOOTTY | -"~ 





RADIO FREQUENCY CONTROL 


XI. PorentiaL Hazarps to Pusiic Sarety From Rapio Spectrum 
CROWDING 


Intensified demands on the radio spectrum for communication with 
spacecraft, coupled with the increase in radio communications geu- 
erally, are certain to aggravate the already scarce supply of frequency 
assignments. Furthermore, insofar as additional allocations for 
Earth-space service are concerned, propagation characteristics, tech- 
nical considerations of all kinds, and current spectrum occupancy 
seriously limit the number of possibilities for the future. 

One potential consequence of any such crowding is harmful inter- 
ference, interference that can range in degree of effect from bein 
a simple nuisance plaguing reception with background noise ain 
from intermittent loss in telemetered data, to complete loss of experi- 
ments, the possibility of an accident involving all components of a 
test vehicle including the launching booster, and even loss of life of 
human space passengers. 

There is also a clear hazard of loss of life or property of the general 
public due to a misfire or malfunction in flight occasioned by radio 
interference. Several of these implications are touched on in the 
following. 


A. AUTOMATIC CUTOFF OF SATELLITE TRANSMITTERS 


Since the spectrum is not an expansible resource, its conservation 
and more effective utilization demand immediate and positive means 
for relief of crowding. One such measure has already been men- 
tioned —that of an automatic cutoff for satellite transmitters. More 
and more, space vehicles are being equipped with solar converters in 
lieu of chemical batteries as a source of electrical power. These 
converters absorb energy from the sun and thus could power radio 
transmitters almost indefinitely. 

Unless cut off either automatically or on command from the ground, 
these units could relentlessly emit signals long after useful data were 
accumulated. Searce radio channels could thus be ‘‘contaminated”’ 
for long intervals from effective use by others. At one time, the 
specter grew of continuous transmissions from one hundred or so of 
such vehicles which would have had a devastating effect on the 
availability of clear channels. As a matter of fact, Vanguard J], 
launched March 17, 1958, is still peeping unbashedly, pumping out 
figuratively buckets of redundant data, and it divioady cannot be 
switched off like a ground transmitter. In view of this experience, 
the omission of automatic switching seems unlikely to be repeated. 
Nevertheless, provision of cutoff represents another novel and un- 
precedented problem arising in space telecommunications, further em- 
phasizing the need for technical study and for international agreement. 


B. RELIEF OF CROWDING BY SCIENTIFIC RESEARCH AND IMPROVED 
UTILIZATION 


Further solution of spectrum crowding should result from continued 
scientific research on communications techniques themselves. Future 
steps may include: Improved Seeressiing of propagation character- 


istics that may open up other portions of the spectrum; means for 
controlling the quality of emission so as to reduce the size of guard 
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bands; means for decreasing band width requirements for trans- 
missions; and means for decreasing background noise inherent in 
receiver components so as to increase signal-to-noise ratio. 

Areas of research and development regarded as particularly im- 
portant for communications associated with space flight include: 
availability of compact, light, long-lived sources of electrical energy, 
more efficient radio- frequency power sources, data storage systems 
for “squirt”? retransmission, directive rather than omnidirectional 
antennae on space vehicles (with stabilization of spacecraft motion) 
to conserve transmitter power, maps of background noise sources in 
space, improved miniaturization and packaging of components, and 
enhanced reliability.® 

It should be noted ie in addition to improving space communica- 
tions, latent advances in radio technology are applicable across the 
board. Thus, by making prompt use of scientific research, which by 
way of example could permit use of narrower band widths, utilization 
of all parts of the spectrum would be enhanced. Questions then arise 
as to the mechanism of administrative control whereby allocations for 
both Federal and non-Federal use could be considered subject to an 
orderly process of review so that utilization of the spectrum would 
promptly reflect new technical developments. Several approaches to 


a dynamic program of administrative control of the radio spectrum 
have already been mentioned. 


C. POSITIVE CONTROL 





OF EMISSIONS 


At this point, note should be taken of techniques to control spurious 
transmissions which could wander into space-use frequencies and not 
only jam these signals, but also be the cause of accidents at launching 
or when the spacecraft was aloft. In this discussion thus far, the term 
“radio frequency control” has meant the technical and administrative 
considerations implicit in channel allocation or assignment. ‘‘Control”’ 
may also be considered hterally. Without going into technical details 
or solutions, this problem is discussed in an article by Col. James D. 
Flashman, Directorate of Communications, USAF, ‘Positive Control 
of the Electromagnetic Spectrum.”’ 


* * * In our efforts thus far in missiles and rocketry, unintentional inter- 
ference has, of course, been recognized as a potentially serious hazard to operations 
and we have taken steps to minimize its impact. Area frequency coordinators at 
missile test sites, for example, have the responsibility and authority te insure a reason- 
ably interference-free environment before an operation is permitted. ‘‘Count downs’’ 
can be, and sometimes are, delayed because of interference. Although there may be 
misgivings regarding the extent to which a frequency coordinator can provide an 
interference-free environment, by and large the system has worked reasonably 
well thus far. This has been so largely because the area within which experi- 
mental vehicles have been dependent upon air-ground electronic links has been 
limited generally to the area within which the coordinator can reasonably gage, 
predict, and control the environment. As we concentrate further and further on 
outer space, however, success or failure of our operations becomes more and more 
dependent upon an absolutel) y guaranteed interference-free environment. Propor- 
tionally, also the magnitude of the environment expands until it far exceeds the 
area which a coordinator could hope to control from his limited laboratorylike 
station. Finally and most importantly, as our efforts become increasingly ambi- 
tious, the opportunity for a second chance becomes proportionately less. The 
first try must be a success, otherwise lives may be lost, millions of dollars may 
have been expended wastefully, to say nothing of the loss suffered by national 

*“*Space Handbook,” op. cit. pp. 75, 76. 


®“ Radio Spectrum Conservation,” ITAC, o 
“Frequency Assignment Administrative "Seateai, ” D. R. MacQuivey, op. cit 
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prestige. We must be able to track space vehicles accurately, observe their pro- 
graming and record their data transmissions in the most minute detail and inject 
control and guidance instructions instantly at will. Even recognizing that we are 
dealing here with signal levels so infinitesimal as to be almost incomprehensible, 
it might be argued in some quarters that there is no real problem; ‘‘simply allocate 
adequate space for the service, and the problem will take care of itself.” This 
approach may seem reasonable in theory; but when viewed in the light of the 
radio spectrum as it exists in reality, such an argument is as naive as it is frightening. 

Under concepts by which the frequency spectrum is now used, it is just not 
possible to guarantee that any portion of the spectrum will be interference free, 
regardless of national or international intentions or agreements. Controls which 
would make this guarantee possible simply do not exist. Internationally recog- 
nized distress frequencies are probably among the most sacred assignments known, 
yet these frequencies are seriously abused, not just occasionally but continuously 
as monitoring reports readily disclose. 

Let us examine, for a minute, some of the factors which contribute to the 
absence of positive control over the use of the electromagnetic spectrum. Any 
administration, from an international standpoint, is free to assign and use any 
radio frequency it wishes, providing such use is in accordance with regulation, 
or that harmful interference is not caused to other administrations which are 
using the frequency in accordance with regulation. Suppose an administration 
wishes to use a frequency not in accordance with accepted regulations, and inter- 
ference results from such use. The normal consequence is, first, an exchange of 
notes on a technical level between administrations. If this is not successful it 
may be followed virtually as a last resort by an exchange of notes at the diplo- 
matic level. In the meantime, of course, much damage may have been done and, 
in the case of a sensitive service, this damage could well have been disastrous, * * * 

Because in the past, ways and means for achieving effective control have been 
absent, it by no means follows that this situation should always be so. Corrective 
measures can be taken. Admittedly, considerable expense and loss of freedom 
wili be involved; however, once the problem is recognized and its solution accepted 
as necessary, then the only major obstacle remaining is the acceptance of initiative 
for action. 

It might be appropriate to cite some examples of fields wherein the evolutionary 
process leading toward positive control has been successfully carried out. We all 
accept today the fact that the service we receive from a public utility will be, 
to the extent of human ability, exactly in accordance with prescribed standards, 
Aids to navigation are relied upon to provide precisely the service for which they 
are intended, no more, no less; and, to this end, such facilities are subjected to 
constant police surveillance in form of routine checking, both on the surface and 
in the air. The control of air traffic, which not so long ago was nonexistent, is 
rapidly becoming recognized as mandatory and is being enforced. To this list 
of fields which have gradually adopted standards of positive control should be 
added a new one—control of the use of the electromagnetic spectrum. Without 
positive control, virtually all our activities in space communications and electronics 
will be conducted in an atmosphere of calculated risk, subject to the whim of the 
negligent, inexperienced or inept co-user of the spectrum, within whose power it is to 
wreck completely an operation upon which the prestige of an entire nation may rest. 

It is not intended here to discuss in detail steps through which such positive 
control may be achieved. There are in existence consultative and advisory groups 
well equipped to lay the foundations upon which tight regulatory provisions may 
be based. It would be reasonable to assume, however, that early in this evolu- 
tionary process there would appear the requirement that a spectrum user must at 
least be equipped with the tools necessary for him to gage precisely and continuously 
the total effect of his radiations upon the electromagnetic spectrum. 

In conclusion, it might be pointed out that as dramatic and successful as recent 
space activities may have been, their success has by no means been a foregone 
conclusion from a frequency usage standpoint. Success in the future cannot be 
assumed as long as there exists the element of calculated risk of electronic inter- 
ference. The job now confronting us, therefore, is the elimination of all risk—in 
short, positive control.” 


Significant as is international agreement on the effective utilization 
of the spectrum to accommodate growing needs for space, another 
potent solution lies in communication research, includmg means for 


n a a of the Electromagnetic Spectrum,” by Col. James D. Flashman, USAF Signal 
ay L 
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exercising surveillance and careful control over electromagnetic 
emissions. 


D. HAZARDS TO PUBLIC SAFETY 


While the hazards to life and property at the launching pads from 
malfunction due to radio interference are immediately apparent, as 
well as hazards to the safety of rocket-born astronauts, there is also a 
real danger to life and property of the general public due to an accident 
at launching or when in fight 

Some guidance systems depend on radio commands. Automatic 
destruction of devices if they tend to veer off course immediately after 
launching also depend on radio. Successful reentry is certain to 
depend on reliable radio contact. Thus, as the number of artificial 
satellites increases, and the size of vehicles continues to grow, the risk 
to safety of all concerned will need special attention. 

The novel process of “radio zoning’’ was discussed briefly in the 
section on radio astronomy.” Cooperation between State-Federal 
authorities and enabling legislation have represented an initial step 
toward solution of a passive type of interference with radio astronomy 
observations. Looking to the future, a more active control of emis- 
sions which could involve either accidental jamming or even deliberate 
sabotage of space experiments, may be necessary. At the least, earl 
study is certainly needed by scientists, engimeers, frequency ad- 
ministrators, and legislators. If the problem is found ent, there 
are compelling reasons why safeguards must well be sought without 
delay, and without awaiting tragedy requiring hindsight action. 


XII. TELECOMMUNICATIONS AS AN ELEMENT oF THE U.S. Rowe in 
Wortp Space AFFAIRS 


Although telecommunications may be viewed in limited terms of 
technological content, or in the somewhat broader perspective of an 
administrative process, it should be clear from the foregoing that 
its implications encompass matters of national security, of imter- 
national policy, and of domestic policies, as for example, the fostering 
of a sound communications industry. As succinctly phrased in the 
introduction to “‘Telecommunications, a Program for Progress’: 


One of the bulwarks of a free society is freedom of communications. Its 
commerce, its education, its politics, its spiritual integrity, and its security 
depend upon an unimpeded and unsubservient exchange of information and ideas. 

One of the hopes for a peaceful world rests upon the ultimate possibility of 
extending this same freedom of communications beyond all barriers. War begins 
in the minds of men, and in the minds of men must be engendered the will for 
peace. We must, therefore, strive to facilitate a meeting of the minds of men 
everywhere, and through the liberating arts of communication to create the 
attitudes favorable to peace.” 


In a recent critique of telecommunications by C. W. Loeber, 
attention was particularly called to: 
Telecommunication as a national facility and resource which is very sensitive 


to international technical, economic, and political developments. The Depart- 
ment of State should therefore function as the international eyes, ears, and voice 


‘hdititiitnciniaiaiiadiaas 
” The radio zoning in West Virginia is not completely without precedent. Although unpublicized, the 
FCC has established similar interference-free zones in the ae of its monitoring stations. Statutory 


authority for similar action in cases of fature need is regarded by FOC as already a ble. 
%“Telecommunications, a Program for Progress,” President’s Communications Policy Board, Wash- 
ngton, U.S. Government Printing Office, March 1951, 


51548—60——_-7 
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of the national telecommunication administration to a far greater degree than is 
presently possible with available funds and personnel.” 


These convictions and concepts which provided the background 
for the conclusions and recommendations of a study of the economic, 
organizational, and physical aspects of America’s telecommunications 
systems, are even more striking in this space age. The potential 
for peaceful uses of a communications satellite, to mention only one 
case, provides ample stimulus for seeking immediate solution of 
problems in frequency allocation on an international basis. 

Telecommunications in the context of the role of the U.S. Govern- 
ment in space affairs with particular reference to the Congress was 
recently discussed by Senator Howard W. Cannon in a paper entitled 
“Radio Frequency Control for the Space Age,” which was read before 
the American Rocket Society, Washington, D.C., November 18, 1959 
(while the Geneva meeting was still in progress). The concluding 
passages have been extracted in the following: 


From the foregoing remarks there may be sound reason for confidence that the 
international management of the radio spectrum is in good hands, with optimism 
that the ITU lay the groundwork at Geneva for agreement on channel assign- 
ments for space use. If space law is to be constructed on a case-by-case basis, a 
strong foundation may well be prepared to serve as a model for solving future 
problems, without waiting until they arise. 

But is this enough? Any such incremental process needs a firm set of prin- 
ciples, national policies, and a well-defined goal. Without these, any first success 
may well be the last. At this point, let us examine our national posture and 
freedom of action on matters concerning international agreements on space. 

First, it should be said that the potent role that science and technology have 
to play in the matter of international affairs was quickly recognized by the 85th 
Congress when enacting the ‘National Aeronautics and Space Act of 1958.” 
This act, embodied in Public Law 85-568, provides for research into problems of 
flight within and outside the Earth’s atmosphere and for other purposes. Further, 
the Congress declared that it was the policy of the United States that activities 
in space should be devoted to peaceful purposes for the benefit of all mankind. 
In section 102¢(7), it was also noted that aeronautical and space activities of the 
United States shall be conducted so as to contribute materially to the objective 
of ‘cooperation by the United States with other nations and groups of nations in 
work done pursuant to this act, and in the peaceful application of the results 
thereof.’’ 

More specifically, section 205 provides: “The administration, under foreign 
policy guidance of the President, may engage in a program of international 
cooperation in work pursuant to this act, and in the — application of the 
results thereof, pursuant to agreements made by the President, with the advice 
and consent of the Senate.’’ 

When the President signed the bill, he took special note of this section, stating 
that “I regard this section merely as recognizing that international treaties may 
be made in this field, and as not precluding, in appropriate cases, less formal 
arrangements for cooperation.’”’ The necessity for tracking stations throughout 
the world is but one of the reasons why NASA was given such authority to co- 
operate with other nations. 

Although the sections cited comprise but a small portion of the entire bill, the 
significance of international cooperation is emphasized in a set of recommendations 
of the Special Committee on Space and Astronautics of the Senate of the 85th 
Congress, when it was superseded by a new standing committee in the 86th 
Congress—the Senate Committee on Aeronautical and Space Sciences. It was 
stated that “the Congress should be kept informed of progress being made by 
studies undertaken by the United Nations’ Ad Hoc Committee on the Peaceful 
Uses of Outer Space, that particular attention should be paid to preserving and 
extending patterns of cooperation that were formed during the International 
Geophysical Year.’”’ Also, NASA was commended for establishing an Office of 
International Programs, and appointing a Director of International Cooperation. 


™** Regulation and Administration of Telecommunications in the United States’? by C. W. Loeber, 
Thesis for Industrial College of the Armed Forces, Mar. 29, 1957, p. 38. 
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A caution was also injected that the standing committee would wish to be 
assured that liaison channels between NASA and the Department of State are 
used with mutual understanding of the significance of scientific developments in 
relationship to national security. 

The Committee on Aeronautical and Space Sciences in the Senate and Com- 
mittee on Science and Astronautics of the House of Repiresentatives were created 
to have continuing res ponsibility in the legislative establishment which may well 
have major political, economic, and psychological effects upon the Nation and 
the world. he efforts of these committees in evaluating needed legislation, in 
reporting prudent authorizations for appropriations, and in carrying on necessary 
investigations are essential to meeting the challenge of the space age. Moreover, 
it is the intent of Congress that the United States should assume leadership in inter- 
national cooperative arrangemends to insure the peaceful uses of outer space. 

As we live with this space act, amendments, revisions, and extensions May 
develop. But it is important to note that the Congress has acted with fore- 
thought and dispatch in laying strong legal groundwork for a wide variety of 
channels for international negotiation in relationship to peaceful uses of space; 
none of these projected activities need be delayed. 


A. SPACE RESEARCH AND DIPLOMACY 


The reader of this report may be struck by the unusual amalgam of 
physical and political sciences represented by the many facets of inter- 
national telecommunications. Thus, concern with the impact of space 
research on international affairs logically requires analysis of method- 
ology; i.e., the mechanism of diplomacy. In that regard Senator 
Cannon concluded the previous remarks with these observations on 
science and statesmanship: 


Awareness of the impact of science and technology on world affairs, and an as- 
sessment by the Government of the role it should play in relation thereto is merely 
a necessary but not a sufficient condition for success. The remaining ingredient is 
men and the interplay of ideas between men of different disciplines. No matter 
how good the recipe, the broth still depends on the chef. 

The scientist has become increasingly conscious of the interrelationship of 
scientific achievement and international affairs; barriers have been dissolving be- 
tween scientific inquiry and social awareness. We are beginning to accord the 
scientist the compliment of recognizing that he has integrity and wisdom fitting 
for participation in political affairs. There may be seriously missing, however, 
adequate cooperative study by scientists, lawyers, and those concerned with for- 
eign affairs of the implications of international science from the standpoint of 
national policy. 

The Soviets have made clear that they not only understand this potential but 
on October 4, 1957, at the launching of Sputnik, and again on September 12, 1959, 
prior to Khrushchev’s visit, science was used as an instrument of diplomacy. 

The Hoover Commission evidently saw this relationship and, following one of 
their recommendations, a study was undertaken some years ago for our Depart- 
ment of State by Dr. Lloyd V. Berkner, who was employed as a consultant to 
spearhead this investigation. This eminent scientist in his “Report on Science 
and Foreign Relations,’ submitted April 28, 1950, posed two fundamental ques- 
tions: ‘How can the potentialities of scientific progress be integrated into the 
formulation of foreign policy and the administration of foreign relations so that 
the maximum advantage of scientific progress and development can be acquired 
by all peoples?” and “How ean foreign relations be conducted in such a manner 
as to create the atmosphere that is essential to effective progress of science and 
technology?’ As farsighted as is this report, it is doubtful that even Dr. Berkner 
could foresee the manner in which the Soviets have exploited their achievements 
in rocketry. Today nearly 10 years later he might well add that unless we take 
the initiative in these matters we might wake up some morning with other achieve- 
ments blazing headlines while some ugly international crisis looms. 

Certain premises underlie the entire fabric of a program integrating science and 
foreign affairs. In the first instance, science is international in character, and this 
provides an effective medium wherein men can meet and exchange views in an 
atmosphere of intellectual freedom, free inquiry and understanding. More than 
ever before, scientists are participating in international meetings, and whether 
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formally appointed or not, these men truly are ambassadors of the United States. 
Science can thus be an effective and unique instrument of peace. 

To go further, the security of the United States and of free peoples everywhere 
with whom our security is identified is se endent on a national policy which ade- 
quately reflects potentialities of science. hus, U.S. foreign relations with respect 
to science must take on a more positive and active character than has obtained 
heretofore. 

More important, policymakers must acquire an awareness of the scientific 
implications of their decisions, and vice versa. 

How do we make such policymakers? The Department of State has been 
intensely active in collecting and disseminating information, in the support of 
international scientific organizations and conferences, in scientific and educational 
exchange programs, and in support of technical assistance. On the other hand, 
there was a 4-year gap before the Department of State in 1958 reinstated their 
program of scientific attachés, and but seven science attachés. 

The Department of State is fortunate to have a scientist of international 
reputation, Dr. Wallace L. Brode, as science advisor. Yet, there is compelling 
reason to reappraise our position in these matters and to continue to expand and 
evolve within the Department of State a decidedly contemporary environment 
by the acquisition or training of additional staff combining experience in inter- 
national affairs with adequate scientific background. As was noted by Berkner, 
the process of ‘‘talent scouting’ and of training individuals of scientific com- 
petence who are temperamentally suited for administration and negotiation 
cannot be left to mere chance. Such men with a broad comprehension of both 
scientific and world affairs are indeed rare, so that a deliberate program of having 
men in science acquire experience on a broad basis is indicated. 

This leads to one last point, the critical need for interdisciplinary training at 
the university level. All too seldom do teachers from the different faculties detach 
themselves from desk or classroom to meet and exchange ideas with each other 
on the average large campus. Course content, reflecting inevitable specialization, 
squeezes out even further the opportunities for students to receive a broad edu- 
cation in fundamentals and principles, rather than bits of knowledge immediately 
useful for earning a living. Departments of law, political science, engineering, 
and the physical sciences should be strongly encouraged to plan jointly for 
curriculums that can meet tomorrow’s needs in the space age. 

It would thus seem incumbent upon all branches of the government to study 
at the earliest possible time certain innovations in both the theory and practice of 
diplomacy wherein scientists may assist, if not become, statesmen. It would be 
interesting to see, indeed, what would be the outcome of fluid contacts between 
men of these different disciplines who met to exchange ideas and stretch each 
others minds.* 


Success of international negotiations on radio frequencies could only 
have developed from a healthy infusion of technological subject 
matter into normal diplomatic processes. Herein may lie an evolving 
pattern for the conduct of foreign affairs which are increasingly science 
oriented. Any such negotiations, however, can benefit by first 
establishing a firm reference of principles. Loeber, in his analysis of 
this problem, notes: 


With respect to national policy, none has yet been formulated and adopted 
which clarifies the dual control of the radio frequency spectrum by the FCC and 
the IRAC * * * no criteria have been established between the conflicting needs 
of Government and non-Government users. * * * Just as the United States 
lacks a clear policy for dividing the spectrum among its own users, so it lacks a 


policy for guidance in preparing the national position for international negotia- 
tions.” 


The progress made at Geneva, since Loeber’s thesis was prepared, 
suggests increasing awareness of needs for international spectrum 


management, but “the continuing urgency of these problems is self- 
evident. 


75 A paper entitled “Radio Frequency Control for the Space Age” by Senator Howard W. Cannon, read 
before the American Rocket Society, Washington, D.C., Nov. 18, 1959. 
% ‘‘Regulation and Administration of Telecommunications in the U.8.,”’ op. cit., pp. 38-39. 
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B. SPACE LAW 


When evaluating the broad and less obvious implications in space 
telecommunications, of the control of radio frequencies, the subject 
matter extends well beyond elementary technological bounds alone. 
Even when treating the one problem of administrative control, it 
must be instantly recognized as having global boundaries. Moreover, 
in practical terms, administrative control can be effected only through 
harmonious agreement and jurisprudence rather than through ortho- 
dox concepts of overt discipline. Radio frequency control in space 
Sonraaneenranes must then be regarded as subject to international 
aw. 

Major attention has been given to this problem by many of the 
best legal and scientific minds in many countries. Yet students of 
space flight almost inevitably identify a significant gap in a code of 
behavior in outer space, and the uncomfortable absence of a definition 
of the rights, obligations, and relations in the use of outer space. 
This matter remains somewhat academic, however, until the develop- 
ment of space law occupies a place in national policy, supplemented 
by constructive international action. It was this particular problem 
area to which the U.N. Ad Hoe Committee on the Peaceful Uses of 
Outer Space recently addressed itself, although perhaps somewhat 
hampered considering the boycott of its activities by the Russians. 
Findings of the committee, including the citation of radio frequency 
control as one of several legal problems susceptible of priority treat- 
ment, are given in part IIT of the report reproduced as appendix A. 

Mention should also be made of interest by numerous pioneers in 


space law who have been responsive to problems in political and legal 
aspects of space, and to private and professional organizations such 
as the International Astronautical Federation, the International Law 
Association, and others. A number of ence valuable papers 


on the subject were collected at the request of Senator Lyndon B. 
Johnson and published in December 1958 as a symposium on “Space 
Law” by the Special Committee on Space and Astronautics of the 
85th Congress. 

These papers suggest that at least as far back as 1951, national and 
international authorities predicted that the scientific advances then 
in the making would generate an entirely new family of legal prob- 
lems having to do with the international jurisprudence of outer space. 
Since that time, a rather prodigious number of articles have appeared 
on various aspects of space law, including such fundamental matters 
as national sovereignty, responsibility for and control of vehicles 
traveling over foreign property, the boundaries between “airspace” 
and “outer space’ as it relates to present conventions for civil aircraft, 
and specifically on the question of telecommunications, 

Space telecommunication is discussed in several of the symposium 
papers, for example, the 1952 paper entitled “Who Owns the 
Universe?” by Oscar Schachter, the 1958 paper “Space Law” by 
Michael Aaronson, “Law of Outer Space—Radio Controls Urgently 
Needed” by Andrew G. Haley, and in the introduction to the Space 
Law Symposium prepared by Mrs. Eilene Galloway.” 

Oscar Schachter in his book ‘‘Across the Space Frontier’’ discusses 
the problem of control of radio programs broadcast from a station in 


" See “Space Law,” a symposium edited by Eilene Galloway for the Special Committee on Space and 
Astronautics, U.S. Senate, Washington, U.S. Government Printing Office, Dec. 31, 1958. 
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outer space, but not necessarily over the traditional boundaries of its 
country of origin. A more detailed discussion was offered by Michael 
Aaronson, writing on “Space Law” in the journal International 
Relations of April 1958. In one portion, Aaronson stated: 

Insofar as aircraft in space is in radio communication with Earth, it is a mobile 
radio station and the terms of the Buenos Aires Convention (of the ITU) apply. 
They certainly apply insofar as an aircraft in airspace is in communication with 
the ground as is the case with Earth satellites. 

It has been estimated that interference with radio services took place approxi- 
mately three times in 24 hours as the Soviet Earth satellite appeared in the air- 
space over the United Kingdom. It is not known how much interference is 
caused by the U.S. satellite. However, this interference may be regarded as 
taking place under the tacit agreement obtained during the International Geo- 
physical Year. So far, the power used by these mobile radio stations is small, 
but it may well increase in the future. Furthermore, a number of these aircraft 
may be launched into orbit later. If they communicate back to Earth from higher 
altitudes, the power required will be much greater than now used and there is 
little doubt that the interference will be more harmful. Such interference may 
also be anticipated should radio communication with Earth take place from space. 

The general procedure for dealing with harmful interference is that contained 
in the ‘International Radio Regulations,’’ though there is no provision for arbi- 
tration under annex 4 of the Buenos Aires Convention. It is anticipated that this 
matter will be taken up at the next Ordinary Administrative Radio Conference 
scheduled to take place in 1959, at which it is proposed to draw up a new table of 
frequency allocations to extend the planned spectrum considerably. But it is 
clear that more than a mere technical approach will be necessary if subsequent 
problems are to be avoided.” 

A paper was delivered on the subject by Andrew G. Haley at the 
symposium on “Outer Space’’ held on October 9, 1958, by the Com- 
mittee on Aeronautics of the Federal Bar Association of New York, 
New Jersey, and Connecticut, entitled ‘(Law of Outer Space—Radio- 
frequency Controls Urgently Needed.” ” 

Further authoritative commentary may be found in a ‘Survey of 
Space Law” prepared by Spencer M. Beresford and Philip B. Yeager 
for the Select Committee on Astronautics and Space Exploration of 
the House of Representatives and published in February 1959. 

From even a cursory reading of these papers, it soon becomes evi- 
dent that the problems involved in constructing either a code or a 
“ease by case” body of international space law are unavoidably 
complex, and their solution is fraught with difficulties because of 
limited and tentative experience with space exploration. 

In several instances, allusion is made to the problem of radio fre- 
quency control as being susceptible to ready solution because of the 
similarity of problems with those of more familiar forms of telecom- 
munications not involving spacecraft, and because of the very efficient 
and well-exercised mechanism of the ITU under whose auspices inter- 
national agreement can be sought relatively free of philosophical 
entanglements that may prevail elsewhere. ‘The question thus arises 
as to whether the recent agreements made at Geneva form a pattern 
for additional future steps contributing to solutions of juridical prob- 
lems of outer space. 

In the first instance, it would appear that the agreements at Geneva 
concerning space telecommunications were effectively negotiated 


78 Editor’s note: Apparently Annex 4 of the Buenos Aires Convention is considered generally to aeevias 


for arbitration as it relates to harmful interference, and no further specific measures were taken at Geneva. 
However, the IFRB was further strengthened and procedures for frequency registration, for filing com- 
plaints of interference, for notifying proper administrations to take corrective measures are set forth in 
Article 9, Radio Regulations, Geneva, 1959, 

7 Tbid., pp. 458-471. 
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without resolution of the broader issues. These proposals may be 
expected to take the form of multilateral treaties that have a long and 
successful history of international accord. From the experiences at 
Geneva, and considering the rapidly growing interests by inter- 
national scientific organizations such as the Committee for Space 
Research and the International Astronautical Federation, progress is 
evidently being made by concentrating primarily on the scientific 
and commercial aspects of space. The larger and imponderable 
political issues of national sovereignty are thus temporarily, even if 
only partially, circumvented. 

With space research so fast moving, and with expanding emphasis 
on scientific achievement as an element in foreign affairs, future 
agreements at the Extraordinary Administrative Radio Conference 
of ITU in 1963 cannot be expected to await the formulation of a formal 
body of international space law. The alternative of a case-by-case 
approach is even now being tacitly, if provisionally, accepted. Agree- 
ments on frequency assignments are thus embedded in this growing 
experience, It may be quite wrong to consider the ITU agreements 
as precedent for any broad pattern, other than through analogous 
utilization wherever possible of existing organizations and legal 
machinery for problems requiring priority treatment. 

Students of space law may contend, however, that one significant 
question yet eludes definition—the identification of fundamental 
principles of space law, on the basis of which the orderly and coherent 
development of related specific issues such as space telecommunica- 
tions could proceed. Looking to the future they would seek assur- 
ance that the machinery of the International Telecommunication 
Union and the treaties themselves would not be in conflict with 
agreements developed on some entirely separate issue involving outer 
space. 

There is yet to emerge a comprehensive foundation of international 
administrative law. In ‘‘Arms Control and Inspection of American 
Law,’ Louis Henkin makes an observation that perhaps deserves 
meditation in an entirely different context than he intended: 

International administrative law * * * would be new for this country. But 
if the familiar is not to be confused with the necessary, so the novel is not to be 
assumed to be the undesirable, the unnecessary, the illegal, or the unconstitutional. 
Although rooted in practices as old as the Republic, U.S. administrative law itself 
has had its major growth quickly and recently in response to urgent requirement. 
This growth was not without gain, and was greeted with alarm and forebodings. 
The international community may now and may long remain a wishful concept. 
But necessity engendered by the scientific revolution may yet mother inter- 
national machinery not only of kinds already known, but of others yet to be 


invented. Such international machinery, of a character resembling what has 
been called administrative will then seek acceptances in U.S. law and institutions.” 


The contemporary position is, by implication, one of gradually 
accumulating experience in outer space on a case-by-case basis. 
The treaties emanating from the Geneva sessions may represent the 
first such formal element in a matrix of international law concerned 
with space. 


ene Control and Inspection in American Law,”’’ Louis Henkin, Columbia University Press, 1958, 
Pp. ‘ 
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XIII. Issums ConrrontTiInG THE Coneress WitH REGARD TO SPACE 
'TELECOMMUNICATIONS 


From its earliest studies of the unfolding significance of develop- 
ments in space, the Congress of the United States actively recognized 
that this new entity in human affairs transcended purely national 
boundaries and concerned the people of all nations. On May 13, 
1958, the chairman of the House Select Committee on Astronautics 
and Space Exploration, Hon. John W. McCormack, introduced House 
Concurrent Resolution 326 on the peaceful exploration of outer space; 
with slight changes, it passed the House on June 2, 1958, and the 
Senate on July 23, 1958, as House Concurrent Resolution 332: in 
effect noting that the United States should strive through the United 
Nations to seek international agreement on joint exploration of space, 
and for joint cooperation in advancement of scientific develop- 
ments—such as improvement of communications.” 

Subsequently, this intent of Congress was embodied in the National 
Aeronautics and Space Act of 1958 which was signed by President 
Eisenhower on July 29, 1958. 

The same vigorous concept was enunciated by Senator Lyndon B. 
Johnson on November 17, 1958, during the first week of debate at the 
U.N., on peaceful uses of outer space: 

All nations and all men, without regard to their roles on Earth, are affected 
alike by what is accomplished over their heads in outer space. If nations pro- 
ceed unilaterally, then their penetrations into space become only extensions of 
their national policies on Earth. What their policies on Earth inspire—whether 
trust or fear—so their accomplishments in outer space will inspire also. * * * To- 
day outer space is free. It must remain that way. It is unscarred by conflict. 
No nation holds a concession there. It must remain this way. * * * What 
man has done thus far has been the result directly of international cooperation 
on an informal basis by men of science through the years. The success, further, 
of the formal cooperation undertaken in observance of the International Geo- 
physical Year foretells the high promise offered by enlargement of our goals and 


intensification of our support and efforts. We know the gains of cooperation. 
We know the lessons of failure to cooperate.” 


In the National Aeronautics and Space Act of 1958 (Public Law 
85-568), the Congress declared that it is the policy of the United 
States that activities in space should be devoted to peaceful purposes 
for the benefit of all mankind. Also, it was noted that aeronautical and 
space activities of the United States shall be conducted so as to con- 
tribute materially to the objective of cooperation by the United States 
with other nations and groups of nations in work pursuant to this 
act, and in the peaceful application of the results thereof. In carrying 
out its responsibilities of surveillance, the Congress may thus wish 
to become more closely acquainted with these propositions for radio 
frequency control in space telecommunications in relation to the in- 
tent of the National Aeronautics and Space Act of 1958. A basis for 
study emerges as follows: 

Telecommunication is clearly a significant phase of space activity. 
Furthermore, the Administrative Radio Conference recently con- 
cluded in Geneva furnished a unique opportunity for the United 
States to exercise a role of international leadership in matters related 
to space through proposals to set aside certain frequency bands for 
radio transmissions with and between vehicles in space, and for radio 


% 8. Rept. 100 of the 8 Committee on Space and Astronautics, March 1959; GPO; pp. 16-18. 
§&“Space Law” symposium, op. cit., pp. 658-561. 
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astronomy observations. Finally, the technical content of these 
agreements should provide adequate radio channels so that the full 
ee of communications and meteorological satellites can be 
reaiized. 

Considering the broad scope of the topic of space telecommunica- 
tions, and the intricate relationships between various aspects of 
public policy, several committees of the Congress may have relevant 
responsibilities and interests, relating both to legislative and inves- 
tigative functions. The single immediate issue, for example, relates 
to a multilateral treaty with 101 nations including the Soviet Union, 
based on the agreements reached at Geneva under auspices of the 
International Telecommunication Union, which allocates frequencies 
for space use, and which will be presented by the President to the 
Senate for ratification at this 2d session of the 86th Congress. As in 
the case of all treaties, this will be considered by the Senate Foreign 
Relations Committee. 

Other emerging issues which may become the concern of Congress 
are: (a) whether the present duality of domestic allocation authority, 
as between Federal and non-Federal use, adequately provides for the 
needs of space telecommunications; and (6) whether study and subse- 
quent legislation is needed in the matter of radio zoning and positive 
control over radio emissions by proper Federal and State authorities 
to protect space telecommunications from radio interference that 
could lead to serious loss of life or property. 


XIV. Torics ror FurtHer Srupy Arisine Ovr or Tuis Report 


The subject of radio frequency control in space telecommunications 
has been developed in this report in terms of public policy rather than 
in terms of the radio sciences. In so doing, numerous collateral 
topics required analysis and their relationships to the primary core 
of the problem have been cited. Among others, the following entities 
were considered to merit attention: 

(1) Functions of spacecraft, and dependency of space explora- 
tion on radio and on freedom from interference; 

(2) problems in administrative control of frequency assign- 
ments as a mechanism for reducing harmful interference; 

(3) machinery for international allocation of frequencies for all 
radio services; 

(4) legislative basis for domestic assignments of radio frequen- 
cies for Federal and non-Federal use; 

(5) technical factors in radio frequency nomination, consider- 
ing particularly propagation characteristics in the wpper at- 
mosphere; 

(6) radio spectrum demands peculiar to space communication 
and radio astronomy; 

(7) proposals for reservation of channels for space telecom- 
munications submitted to the recent meeting of the International 
Telecommunication Union (ITU) in Geneva by agencies of the 
United Nations, by interested international scientific organiza- 
tions, and by the U.S. delegation to the conference; 

(8) actions taken at Geneva as a basis for multilateral treat 
which now awaits ratification by the States-members of the ITU; 

oe in spectrum crowding requiring relief, and the 
to public safety which may develop from harmful 
interference with broadcasts between the Earth and spacecraft. 
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Out of these various ramifications emerges one of the growing num- 
ber of issues wherein solutions must draw on both the physical sciences 
and the political sciences, including law. 

Problems in space telecommunications are so new and so little has 
yet been written on the subject that this particular study presents 
only groundwork for far more comprehensive analysis. Many 
questions are unanswered and those considered of fundamental 
importance have been listed below. 

These areas for further research should be considered as supple- 
menting the issues confronting the Congress and topics for urgent 
study that were listed previously. 

1. What immediate plans are being developed by the Federal 
Communications Commission (FCC) and the Interdepartment Radio 
Advisory Committee (IRAC) with regard to space telecommunica- 
tions? What provisions are being made for wide-band service for 
active communications satellites and for other peaceful uses of outer 
space which foster international cooperation? From what part of the 
radio spectrum will these bands be extracted, and is the schedule 
of availability of such bands proceeding without delay in the satellite 
program itself? 

2. What long-term plans are being developed by FCC and IRAC 
with regard to future space telecommunications? To what extent is 
& program of spectrum management being introduced that, through 
assignment review, may open up new channels for space telecom- 
munications with the least disruption to other services? What are 
the implications for the Government to set aside certain parts of the 
spectrum for future use just as it formulates policies of conservation for 
other natural resources? 

3. What are the legislative implications of positive control of 
the airwaves to prevent an accident or inadvertent loss of scientific 
data due to spurious and uncontrolled emissions? Can the pattern of 
Federal-State action for West Virginia be implemented as a matter 
of more extensive “‘spectrum zoning” and control over electromagnetic 
radiation near missile and satellite launching bases? 

4. To what extent are the separate agencies involved in space 
research coordinating their telecommunications facilities so as to make 
use of the same frequencies and equipment wherever possible to pre- 
vent unnecessary duplication? In particular, is coordination effective 
between agencies concerned with military and with peaceful ap- 
plications of space? Are their demands for spectrum coordinated for 
the most effective utilization? 

5. What role will international scientific organizations play in the 
future as an element in international diplomacy, and to what extent 
is the U.S.S.R. utilizing scientific organizations for purposes of 
re vetoed 

6. How can the Congress be kept informed of relevant developments 
involving leitenaitianel etemiihe bodies? 

7. Who is responsible for the needs of U.S. scientists for frequency 
allocation as between Federal Communications Commission and the 
Office of Civil and Defense Mobilization? How are scientists repre- 
sented on U.S. delegations to international advisory bodies and 
Conferences of the International Telecommunication Union (ITU)? 
Through what domestic agency are radio astronomers and space 
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scientists channeling records of radio interference with their research 
operations? 

8. Are any complaints of interference with space research being 
filed with the International Frequency Registration Board? To what 
extent is the Board implementing protection of frequencies for space 
telecommunications? 

9. What will be the U.S. program in planning for the forthcoming 
Extraordinary Administrative Radio Conference of the ITU devoted 
to review of allocations for space telecommunications? 

10. What programs does the United States intend to propose 
through the recently formed permanent committee in the United 
Nations for the peaceful uses of outer space, especially concerning 
telecommunications as an element of international space law? 

11. How is the National Aeronautics and Space Act of 1958 being 
implemented with regard to liaison between the National Aeronautics 
and Space Administration and the Department of State, for instance, 
in such matters as space telecommunications? 

12. What are the-long range plans of FCC/IRAC for radio spectrum 
conservation, particularly in regard to criteria for establishing eligi- 
bility of spectrum users, to monitoring of spectrum to determine 
occupancy, and to means for taking prompt advantage of scientific 
research for improved utilization of the spectrum? To what degree 
can automatic data processing machines and techniques of “Opera- 
tions Analysis” contribute to the solution of an engineered spectrum 
involving optimum communication service with minimum inter- 
ference? Can such procedures assist in providing for future needs 


such as are now emerging in the less technologically developed parts 
of the world? 
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Report or THE Ap Hoc CommMiITTEE ON THE PEACEFUL USES OF 
OvuTER SPACE 


NOTE BY THE RAPPORTEUR 


1. By resolution 1348(XIII), of December 13, 1958, the General Assembly es- 
tablished an Ad Hoc Committee on the Peaceful Uses of Outer Space consisting 
of the representatives of Argentina, Australia, Belgium, Brazil, Canada, Czecho- 
slovakia, France, India, Iran, Italy, Japan, Mexico, Poland, Sweden, the Union 
of Soviet Socialist Republics, the United Arab Republic, the United Kingdom of 
Great Britain and Northern Ireland and the United States of America. 

2. The work of the Ad Hoc Committee was conducted at United Nations 
Headquarters in New York. It began on May 6 and concluded on June 25, 
1959. 

3. The representatives of the following States took part in the work: Argen- 
tina, Australia, Belgium, Brazil, Canada, France, Iran, Italy, Japan, Mexico, 
Sweden, the United Kingdom of Great britain and Northern Ireland and the 
United States of America. 

4. The Committee elected the following officers: 

Chairman: Dr. Koto Matsudaira (Japan); 

Vice-Chairman: Dr. Mario Amadeo (Argentina) ; 

Rapporteur: Mr. Joseph Nisot (Belgium) 

5. The Committee established two committees of the whole, one technical 
under the chairmanship of Dr. D. C. Rose (Canada), and the other legal under 
the chairmanship of Prof. Antonio Ambrosini (Italy). The Technical Committee 
prepared the report on paragraph 1(b) and the Legal Committee the report on 
paragraph 1(d). At the request of the Ad Hoc Committee, the Secretary Gen 
eral presented a report covering paragraph 1(a) of the General Assembly resolu- 
tion which constituted the basis for the Committee’s report on that paragraph, 

6. The Ad Hoc Committee and its committees of the whole have held 25 
meetings. They were given valuable assistance by the United Nations Secre- 
tariat, especially by Dr. Sanford Schwarz, Secretary of the Ad Hoc Committee 
and of the Technical Committee, Mr. Oscar Schachter, Secretary of the Legal 
eennteaah and Mr. Geoffrey 8. Murray, the representative of the Secretary 

eneral. 

7. By the terms of resolution 1348(XIII), the Ad Hoc Committee was re- 
quired to report to the General Assembly on the four following matters described 
in paragraph 1 of the resolution: 

“(a) The activities and resources of the United Nations, of its specialized 
agencies and of other international bodies relating to the peaceful uses of outer 
space; 

“(b) The area of international cooperation and programs in the peaceful uses 
of outer space which could appropriately be undertaken under United Nations 
auspices to the benefit of States irrespective of the state of their economic or 
scientific development, taking into account the following proposals, inter alia: 

“‘(j) Continuation on a permanent basis of the outer space research now 
veins carried on within the framework of the International Geophysical 

ear; 

“(ii) Organization of the mutual exchange and dissemination of informa- 
tion on outer space research; 

“‘(jii) Coordination of national research programs for the study of outer 
space, and the rendering of all possible assistance and help towards their 
realization ; 

“(c) The future organizational arrangements to facilitate international coop- 
eration in this field within the framework of the United Nations; 

“(d) The nature of legal problems which may arise in the carrying out of 
programs to explore outer space.” 

8. Each of these four matters is the subject of a separate part of the present 
report, which the Ad Hoc Committee adopted unanimously on June 25, 1959: 

Part I: paragraph 1 (a) 

Part II: paragraph 1 (b) 

Part III: paragraph 1 (d) 

Part IV: paragraph 1 (c). 
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PART I. PARAGRAPH l(a) OF GENERAL ASSEMBLY RESOLUTION 
1348 (XIII) 


1. The Ad Hoc Committee on the Peaceful Uses of Outer Space, at its first 
meeting on May 6, 1959, requested the Secretary General to prepare a report on 
the subject matter of paragraph 1(a) of General Assembly resolution 1348 (XIII), 
namely, “The activities and resources of the United Nations, of its specialized 
agencies and of other international bodies relating to the peaceful uses of outer 
space.”” On June 16, the Secretary General su ibmitted a comprehensive and 
valuable report (A/AC, 98/4) to the Committee on these matters, which stands 
as a part of the documentary records of the Committee. 

2. The present part I is based on the Secretary General’s report, The Com- 
mittee has sangre to summarize the pertinent data in such a way as to facilitate 
future United Nations discussions relating to the peaceful uses of outer space. 


I. INTERNATIONAL ScreNTIFIC ORGANIZATIONS 
A. THE INTERNATIONAL SCIENTIFIC UNIONS 


3. The principal nongovernmental international bodies which are interested 
and active in space research are the international scientific unions in the several 
major fields of science which benefit by experiments utilizing sounding rockets, 
satellites, and space probes. These are: 

International Astronomical Union (I[AU). 

International Union of Geodesy and Geophysics (IUGG). 

International Union of Pure and Applied ott (IUPAC). 
International Scientific Radio Union (URSI 

International Union of Pure and Applied Phys nH (IUPAP). 
International Union of Biological Sciences (IUBS). 

International Union of Theoretical and Applied Mechanics (IUTAM). 
International Union of Physiological Sciences (IUPS). 

International Union of Biochemistry (IUB). 

4. The International Union of Mathematics (IUM) has also expressed some 
interest. The interests of the remaining three international scientific unions, 
i.e. International Geographical Union (IGU), International Union of Crystallo- 


graphy (IUCr) and International Union of the History of Science (IUHS) lie 
outside the space field. 


5. The objects of the unions are: 

(a) To promote the study of problems relating to their scientific fields; 

(b) To initiate, facilitate and coordinate research into, and investigation 
of, those problems which require international cooperation; 

(c) To provide for discussion, comparisons and publication. 

6. The unions are maintained by the voluntary, part-time work of a small 
group of active scientists elected for limited terms, The administration is small 
and flexible. The activities are directed toward organizing meetings ranging 
in size from small symposia on specialized topics to large congresses devoted 
to all aspects of the whole discipline, and in maintaining or encouraging 
publications. 

7. The unions maintain contact with scientists in the various countries through 
national committees or equivalent bodies, one for each discipline. Annual 
national contributions to the unions are paid by the national committees, the 
total for all 13 unions amounting to between $150,000 and $200,000 per year. 
The national committees are often organized by or related to the national 
academies or research councils in the respective countries. 


B. THE INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS 


8. The establishment of the International Council of Scientific Unions (ICSU) 
in 1931 provided a central organization to deal with problems of common interest 
and to encourage international scientific cooperation. 

9. Further objects of the Council are: 

(a) To encourage international scientific activity in subjects which do not 
fall within the purview of any existing international organization; 

(b) To enter, through the national adhering organizations, into relations 
with the Governments of the countries adhering to the Council in order to 
promote scientific investigation in these countries; 
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(c) To maintain relations with the United Nations and its specialized 
agencies; 

(d) To make such contacts and mutual arrangements as are deemed 
necessary with other international councils or unions, where common interests 
exist in the field of the natural sciences covered by the Council. 

10. The General Assembly of ICSU consists of representatives of the 13 scien- 
tific unions and of national representatives from the national academies or research 
councils of the 45 countries adhering to ICSU. The Assembly meets triennially 
and elects an Executive Board, which meets annually. There is an adminis- 
trative office in The Hague with a small full-time secretariat. 

11. The financial resources of ICSU consist of contributions from the national 
adhering bodies amounting to about $50,000 per year and an annual grant of about 
$200,000 from the United Nations Educational, Scientific, and Cultural Organi- 
zation (UNESCO) to support the scientific activities of the unions. 

12. There are always a certain number of tasks which lie on the borderline 
between two or more unions. The Council takes special care to fill needs for 
cooperation or joint activities involving the disciplines of several unions or many 
national academies. Typical examples are the International Geophysical Year, 
Antarctic Research, and Space Research. The Council copies with these tasks 
as they arise in international scientific life by the formation of special committees, 
such as the Special Committee for the International Geophysical Year (CSAGI) 
which was formed in 1953 and will continue to the end of June 1959, the Special 
Committee on Oceanographic Research (SCOR), first established in 1957, and the 
Special Committee on Antarctic Research (SCAR), 1958. 


C. THE INTERNATIONAL GEOPHYSICAL YEAR 


13. The activities of ICSU in space research began as a part of the program of 
the Special Committee for the International Geophysical No (CSAGI). 

14. At a CSAGI conference in Rome, in 1954, a resolution was passed urging 
that as many nations as possible consider the development of satellites carrying 
scientific instruments, which would be placed in orbits around the earth during 
the International Geophysical Year. The resolution stated: 

“In view of the great importance of observations during extended periods of 
time of extraterrestrial radiations and geophysical phenomena in the upper 
atmosphere, and in view of the advanced state of present rocket techniques, 
CSAGI recommends that thought be given to the launching of small satellite 
vehicles, to their scientific instrumentation, and to the new problems associated 
eon penne experiments, such as power supply, telemetering, and orientation of 
the vehicle.”’ 

15. Within a year, both the United States and the U.S.S.R. indicated their 
intention to launch satellites, Successively, attention was devoted by CSAGI to 
the several phases of the earth satellite-tracking programs. Special emphasis was 
placed on the need for wide international cooperation in tracking satellites to 
develop their full scientific potential. Many nations indicated a willingness to 
set up satellite observation stations. 

16. Being nongovernmental in organization, and with limited financial resources, 
CSAGI achieved great success through the voluntary cooperation of the partici- 
pating national committees. Particularly in the rocket and satellite programs, 
the financial and logistic support of the program by the several national govern- 
ments was essential. 

17. With the termination of the International Geophysical Year, there was a 
widespread desire to continue international cooperation in the planning and 
coordination of space research as well as other activities of the year. This led 
to a program of International Geophysical Cooperation 1959 (IGC) and to the 
formation of several special committees, including a Committee on Space Research 
(COSPAR). 


D. THE COMMITTEE ON SPACE RESEARCH 


_18. The Committee on Space Research (COSPAR) was established, provi- 
sionally for an initial period of 1 year ending December 31, 1959, by a resolution 
of the eighth General Assembly of ICSU (Washington, D.C., October 2-6, 1958). 
The resolution stated that the primary purpose of COSPAR was “to provide the 
world scientific commun ay with the means whereby it may exploit the possibilities 
of satellites and space probes of all kinds for scientific purposes, and exchange the 
resulting data on a cooperative basis.” 

19. The Committee is concerned with scientific research in the broadest sense. 


This is made clear by the provisional charter according to which the Committee 
51548—60—_8 
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shall promote fundamental research on space, on an international scale, but shall 
not normally concern itself with such technological problems as propulsion, con- 
struction of rockets, guidance and control. his objective shall be achieved 
through the maximum development of space research programs by the inter- 
national community of scientists working through ICSU and its adhering national 
academies and international scientific unions. The Committee shall report to 
ICSU those measures needed in the future to achieve the participation in inter- 
national programs of space research of all countries of the world with those 
Sone Ae already actively engaged in research programs within the domain of 
_ The Committee’s composition has been provisionally established to consist 
of: 
(a) The representatives of national scientific institutions of the seven 
countries launching satellites or having a major program in rocket research; ! 
(b) The representatives of the national scientific institutions of three of the 
countries involved in tracking or other forms of space research on an agreed 
system of rotation; 
(c) The representatives of nine international scientific unions. 

21. The Committee has held two meetings to date, an organizational meeting 
in London in November 1958 and a second meeting at The Hague in March 1959. 
The actions taken may be summarized as follows: 

22. All the countries that had taken part in the rocket and satellite program 
of the International Geophysical Year, namely, Australia, Canada, France, Japan, 
the Union of Soviet Socialist Republics, the United Kingdom and the United 
States were admitted to membership under group (a) mentioned in paragraph 20 
above. India, Peru, and the Union of South Africa were invited as the first ro- 
tating members under group (6), but only the Union of South Africa accepted and 
was present at the second meeting. Group (c) contains the representatives of the 
nine unions previously listed as interested and active in space research. 

23. Three continuing working groups were established as follows: (1) Tracking 
and Transmission of Scientific Information; (2) Scientific Experiments (including 
biological experiments); (3) Data and Publications. Ad hoc committees were 
established to consider matters relating to experiments with biological implica- 
tions and contamination by atomic explosions. 

24. The task of the Working Group on Tracking and Transmission of Scientific 
Information is to: (a) delineate problems that may exist in this area; (b) propose 
and facilitate specific working arrangements for and among operating networks; 
(c) study the compatibility of frequencies, equipment and problems of radio 
interference. Among the matters of concern to this working group are methods 
whereby tracking systems can obtain “acquisition data’’ in time to permit track- 
ing of space probes and satellites by the tracking equipment; problems of syn- 
chronizing observations on different networks; telemetry techniques; and the 
continuing need for optical as well as radio tracking. In connection with point 
(c) above, the working group has not been called to assume responsibility for 
requesting frequency allocations, but it will work to insure adequate and timely 
action through existing organizations responsible for such activity (International 
Telecommunications Union and International Radio Consultative Committee). 

25. The task of the Working Group on Scientific Experiments is to: (a) evaluate 
scientific experiments submitted by countries which do not have facilities for 
launching space vehicles in order to determine the scientific desirability and 
feasibility of incorporating them in some form of space vehicle; (6) draw attention 
to fields of research not receiving sufficient emphasis, which might profitably be 
investigated through use of space vehicles; (c) arrange for coordinated activities 
by participating countries. 

26. The task of the Working Group of Data and Publications is to study the 
need for various forms of data exchange and for the publication of results, con- 
tinuing in this connection the use of existing world data centres and arranging for 
the continued operation of any recommended means for such publication and 
exchange. 

27. The Committee further recommended that COSPAR should: (a) inform 
all participating committees engaged in rocket programs about the purposes of 
a@ proposed series of “rocket weeks,’’ requesting suggestions and proposals for 
scheduling such cooperative groups of firing, including specific suggestions for 
a first such Rocket Week to be held in November 1959; (6) inform the same partici- 


1 These seven institutions (Australia, Canada, France, Japan, Union of Soviet Socialist Republics, United 
Kingdom and United States) contributed or were to contribute the $55,000 making up COSPAR’s budget. 
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pating committees of the United States offer to undertake the launching into 
space of suitable and worthy experiments proposed by scientists of other countries. 

28. At COSPAR’s second plenary meeting, in March 1959, delegates from 
Australia, Canada, France, Japan, the Union of South Africa, the Union of Soviet 
Socialist Republics, the United Kingdom and the United States reported on the 
programs being earried out by their respective national scientific institutions. 

29. The Soviet delegate, illustrating the status of space research in the Soviet 
Union, divided the primary scientific tasks of space research into three categories: 
(a) study of the phenomena occurring on the earth and in the upper atmosphere 
and the influence of cosmic rays; (b) the properties of cosmic space as a medium 
in which man has to work and to travel; (c) the study of the phenomena on the 
planets and the stars which are impossible to observe from the Earth’s surface as 
the result of interference by the Earth’s Atmosphere. The research in the upper 
parts of the atmosphere and in outer space was being continued by the Soviet 
Union. The rocket would be used as a routine means of studying the upper 
atmosphere; their number and the number of launching places would be inereased. 
Satellite research would be continued, including experiments of a biologieal and 
astrophysical nature. 

30. At the same meeting, the U.S. delegate stated that, although the scientific 
planning was still in its preliminary stages, it was hoped that in each of the next 2 
years between 75 and 100 sounding rockets might be launched in the United 
States and approximately one or two satellites or space probes every 2 months. 
In the rocket-sounding program, emphasis would be placed on experiments 
relating to atmospheric structure; electric and magnetic fields; astronomy; 
energetic particles in the ionosphere. The satellite program would emphasize 
atmospheres; ionospheres; astronomy; energetic particles; electrical and magnetic 
fields and gravitation. Space probes would investigate energetic particles, fields 
and ionospheres. In each case, the objectives were set out in detail and the 
planned program was outlined separately for the long-range and for the immediate 
future. 

E. OTHER INTERNATIONAL ORGANIZATIONS 


31. The following international organizations are nongovernmental, but they 
are not affiliated with ICSU. 

32. The Council for International Organizations of Medical Sciences (CIOMS) 
has a professed interest in the medical aspects of manned space flight, a subject 
whose research interests are also represented during the present preliminary 
stages by the International Union of the Physiological Sciences, represented in 
ICSU and in COSPAR. 

33. The Union of International Engineering Organizations (UATT) and several 
of its constituent organizations have a potential interest in the progress of space 
research. 

34. The International Astronautical Federation (IAF) was founded in 1950 by 
representatives of a number of national societies interested in rocketry and space 
exploration meeting in the first International Astronautical Congress. The 
constitution of the IAF, adopted in 1952, states that the purposes of the organiza- 
tion are to promote and stimulate the achievement of space flight as a peaceful 
objective, to secure the widespread dissemination of technical information, to 
stimulate public interest in space flight through the major media of mass com- 
munication, and to foster research and development. 


II. INTERGOVERNMENTAL ORGANIZATIONS 
A. UNITED NATIONS 


35. As with other problems in international political cooperation and inter- 
national economic and social collaboration among its members, the ground on 
which the activities and resources of the United Nations in this field rest is the 
a in article 1, paragraph 4 of the charter that the United Nations shall 

e a center for harmonizing the actions of its members in attaining their common 


ends, and the pledge given by Members in article 56 ‘‘to take joint and separate 
action in cooperation with the Organization for the achievement’”’ of solutions of 
international economic, social, health, cultural and educational oe reap The 


General Assembly, the Economic and Social Council, and their subsidiary organs, 
as central organs for harmonizing the actions of Members, have developed inter- 
national cooperative activities in fields affected with a scientific interest. 

_ 86. The Secretary General has similarly used his functions to promote coopera- 
tion among Governments. In this he has sometimes acted on his own initiative 
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and sometimes in response to requests from the General Assembly, asking him 
to make studies, to take procedural steps or, in some cases, to make proposals. 

37. There are other areas of United Nations activity to which developments 
in the peaceful uses of outer space are relevant. These lie in the domain of pro- 
motion of the economic, social, and cultural development of states and in the 
progressive development of international law. The Economic and Social Council 
is concerned with major inventions or technological improvements which affect 
existing patterns of economic and social activity. The progress anticipated in 
the near future in outer space in the fields of meteorology, climatology, tele- 
communications, transport, and possibly biology, is important from the stand- 
point of long-range economic policies. 

38. One of the more important functions of the Organization is to assist in 
coordinating the activities of the specialized agencies. In this capacity, through 
the Economic and Social Council, it follows the work of the specialized agencies 
and assists in interagency coordination, at the Secretariat level, through the 
Administrative Committee on Coordination and its Preparatory Committee. 

39. Of relevance also is the function of the General Assembly under article 13 
of the Charter to initiate studies and make recommendations for the purpose of 
encouraging the progressive development of international law and its codification 


B, UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION 


40. In accordance with its constitutional responsibilities, UNESCO has, since 
its inception, undertaken as one of its major tasks to promote scientific coopera- 
tion between its member states. In doing so, UNESCO has worked in the closest 
collaboration with the United Nations, the specialized agencies and the Inter- 
national Atomic Energy Agency (IAEA). To this end the General Conference, 
at each of its sessions, has included in the regular programs of the Organization a 
resolution relating to the promotion of scientific research through international 
cooperation. The relevant resolution in the program for 1959-1960, adopted by 
the General Conference at its 10th session (November—December 1958), reads 
as follows: 

“10C/Resolution 2.41: The Director General is authorized, in cooperation 
with the United Nations, the specialized agencies, and other appropriate inter- 
national organizations and national and regional research bodies, on the advice 
of advisory committees when appropriate, to study scientific problems, the solu- 
tion of which may help to improve the living conditions of mankind, to stimulate 
research on these problems and to promote when appropriate the adoption of 
international or regional measures for the development of such research, particu- 
larly in the following fields: 

““(a) General problems of scientific research; 

“(b) Humid tropical zone; 

“(c) Marine sciences; 

““(d) Cell biology; 

“‘(e) Basic research in nuclear physics; 

““(f) New sources of energy; 

‘“‘(g) Numerical processing of information and electronic computation; 

“‘(h) Interdisciplinary brain research; and 

““(j) Exploration of extra-terrestrial space; and 
to participate in the activities of member States, at their request, in scientific 
research in the fields of humid tropics research, marine sciences, basic research in 
nuclear physics, and the numerical processing of information and electronic com- 
putation.” 

41. In the past, UNESCO has carried out a program of this type either by 
drawing up practical proposals to be implemented by groups of member States, 
or by assuming direct responsibility for international scientific research projects. 

42. In fulfilling its scientific functions, UNESCO resorts to a number of methods: 

(a) Cooperation with international nongovernmental scientific organiza- 
tions. UNESCO has created, or sponsored the creation of, international 
nongovernmental organizations, such as the Union of International Engineer- 
ing Organizations and the Council of International Medical Organizations. 
Special mention should be made of the collaboration between UNESCO and 
ICSU. An agreement between the two organizations, signed in 1951, 
provides that they will assist one another with a view to facilitating the 
execution of their joint program in the field of international scientific coopera- 
tion, and that they shall consult each other on all questions falling within 
their common sphere of interest. UNESCO has undertaken to grant ICSU 
an annual subvention designed to facilitate the coordination of the activities 
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of the Council’s member organizations and to provide funds for such scientific 
projects included in the program of ICSU as are of international interest 
and in line with UNESCO’s aims. ICSU has undertaken to give specialized 
advice to UNESCO, at the latter’s request, on the planning of its program 
in the field of international scientific cooperation, and to advise ESCO 
on its working relationship with the nongovernmental organizations within 
its field. It has further undertaken to give particular attention to, and to 
develop to the utmost, those of its program activities which come within the 
framework of UNESCO’s basic program. 

(6) Organization of international scientific conferences on important 
new subjects which are not yet being dealt with by international govern- 
mental or nongovernmental organizations and of symposia on specific 
subjects related to the implementation of UNESCO’s program. 

(c) Program of coordinated research, surveys, training, etc., carried out 
with the help of special advisory committees composed of leading scientists 
and representatives of international scientific unions. 

43. Mention should also be made of the Provisional International Computa- 
tion Center (PICC) established by a bilateral agreement concluded in September 
1957 between UNESCO and the Italian Institute of Higher Mathematics 
(Istituto Nazionale di Alta Matematica), pending the establishment of an Inter- 
national Computation Center on a permanent basis. The Provisional Center 
has been created for a period of 2 years but will automatically cease to exist when 
the intergcverninentad’ Convention establishing an International Computation 
Center comes into force. 

44, The Provisional Center commenced its activities in January 1958, in Rome. 
The main functions of the Center are: (a) to ensure mutual assistance and inter- 
national collaboration between existing bodies dealing with computation and 
information processing, in particular as regards scientific and technological 
studies; (b) to promote the exchange of information both on scientific matters 
and on the facilities existing in various countries; (c) to assist, on request, the 
countries which do not possess their own computation equipment, and this assist- 
tance may consist either in undertaking certain computation tasks with the 
help of existing services or in giving advice for the creation of national centers; 


(d) to help international organizations which require its assistance; (e) to promote 
the training of specialized staff; (f) to act as a link between the users and the 
designers of computation equipment. 


C. WORLD METEOROLOGICAL ORGANIZATION 


45. The objectives of the World Meteorological Union (WMO), as stated in 
the World Meteorological Convention of 1947, are: 

(a) To facilitate worldwide cooperation in the establishment of networks 
of stations for the making of meteorological observations or other geophysical 
observations related to meteorology and to promote the establishment and 
maintenance of meteorological centers charged with the provision of meteoro- 
logical services; 

(b) To promote the establishment and maintenance of systems for the 
rapid exchange of weather information; 

(c) To promote standardization of meteorological observations and to 
ensure the uniform publication of observations and statistics; 

(d) To further the application of meteorology to aviation, shipping, agricul- 
ture, and other human activities; 

(e) To encourage research and training in meteorology and to assist in 
coordinating the international aspects of such research and training. 

46. The Organization acts as a clearinghouse for the exchange of information 
among its members, and for the promotion of agreements among its members 
regarding both the routine and exceptional transmission of meteorological data. 
It is not, however, an operational organization. It operates neither weather 
stations nor communication facilities. Its recommendations and agreements are 
carried out only through the cooperation of the meteorological services of the 
member countries. 

47. Since earth satellites represent a new observational tool of great potential 
value to meteorology, early in 1958 WMO began to consider its role in connection 
with international cooperation and programs in the —— uses of outer space. 

48. The subject was placed on the agenda of the 10th session of the Executive 
Committee of WMO (April 29-May 17, 1958). The Committee decided (resolu- 
tion 14) (EC-X)) that WMO should accept responsibility for meteorological 
questions related to artificial satellites insofar as they call for action or study by 
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a specialized agency of the United Nations. The Committee further requested 
the President of its technical Commission for Aerology (CAE) to nominate a 
rapporteur to study the meteorological aspects of artificial satellites and to report 
to the 11th session of the Executive Committee on any possible activities which 
might legitimately be undertaken by WMO in this field. 

49. The report prepared by Dr. H. Wexler, was submitted in April 1959 to the 
Third Congress of WMO which (resolution T.9 (Cg-IID) laid down the following 
policy: The organization would encourage the development and use of artificial 
satellites as a means of providing valuable meteorological data, and collaborate 
as required with the United Nations, other specialized agencies and scientific or- 
ganizations, in particular COSPAR, in artificial satellite programs of interest to 
meteorologists or on which the advice of meteorologists would be useful. 

50. The 11th session of the Executive Committee, which took place immediately 
after the Third Congress, took note (resolution P.6 (EC-—XI1)) of the latter’s 
policy and directives. It further arranged for an evaluation to be made of the 
above-mentioned report by the relevant technical commissions of WMO. The 
Executive Committee also set up a panel of experts, including representatives from 
its Commissions for Aerology (CAE) and Synoptic Meteorology (CSM), with the 
following terms of reference: (a) to keep a continuing review of the possible uses 
of artificial satellites for meteorological purposes; (b) to make suggestions as to 
how WMO can best assist in these activities; (c) to present a report to the next 
session of the Executive Committee. 

51. The Organization is thus officially seized of the question of artificial satel- 
lites insofar as they have meteorological aspects and applications. It is under- 
stood that the members of WMO are commonly agreed that while it is difficult to 
foresee all the aspects of the utilization of data from artificial satellites, satellites 
not only have opened the way to investigations of fundamental problems which 
are needed for the understanding of the general atmospheric circulation, the be- 
havior of rainfall patterns, and other phenomena of meteorological interest, but 
also offer an opportunity for the immediate operational use of observational data 
in forecasting throughout the world. 

52. The Organization has directed its attention to both these aspects. The 
meteorological research interest in space is high because observations from satel- 
lites could well furnish completely new types of data having an ultimate signifi- 
cance which cannot be foreseen. The operational aspect is also of great impor- 
tance as it offers a practical means for obtaining otherwise unknown synoptic 
information, for example concerning cloud cover over the uninhabited oceans. 
This is of particular significance in respect of the large oceanic areas of the South- 
ern Hemisphere, but the resulting benefit would apply to the whole world. It 
would be possible, for instance, to conduct realistic studies of the exchange of 
energy between the polar regions—particularly the Antarctic continent—and the 
equatorial belts. This exchange necessarily affects the general circulation, with 
consequential effects to the north no less than to the south of the Equator. 

53. Bearing in mind that the meteorological components will probably be only 
a portion of the total instrumentation in any particular satellite, the meteorologi- 
cal utility could well be examined against the background of the overall daily 
observational program which has been organized by the members of WMO. As 
an example, mention can be made of the fact that several hundred radiosonde 
observations are made each day, at an annual cost running into millions of dollars. 
An effective meteorological design related to their research and synoptic use could 
thus strongly support a coordinated program of research in other directions. 

54. From a practical point of view, the operational use of satellite weather data 
would require coordinated facilities, (1) for interrogating the satellites and rapidly 
reducing the data to a form amenable for use in synoptic meteorology, and (2) for 
the systematic worldwide exchange of the data for immediate use. 

55. The interrogating stations need not be designed solely for meteorological 
purposes. The existing space-vehicle tracking stations could be so utilized with 
@ little coordination, but it would probably be necessary to institute an additional 
number related to the extent of the overall satellite program which could be sup- 
ported at any onetime. Consideration could be given to the question as to whether 
it would not be a natural extension of WMO’s present responsibilities for it to 
take part in the planning of the space vehicle tracking stations and in the cones 
of the necessary computational practices and techniques for the reduction of the 
data to amenable forms for practical use. The existing WMO concern and re- 
sponsibility in the design of codes for the worldwide exchange of data and the 
coordination of meteorological telecommunications could readily be extended to 
deal with satellite data. 
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D. INTERNATIONAL TELECOMMUNICATION UNION 


56. The International Telecommunication Union (ITU) is the body respon- 
sible for the international coordination and rational use of all forms of telecom- 
munications by landline, submarine cable, or radio means. It is advised by two 
technical committees, the International Telegraph and Telephone Consultative 
Committee (CCIT) and the International Radio Concaiuaiies Jommittee (CCIR), 
which deal with line and radio problems respectively. In the field of radio com- 
munication, ITU drafts regulations which among other things define the condi- 
tions, procedure and standards for all applications of radio to the communication 
of intelligence in any form, including telegraphy, telephone, picture transmission, 
broadcasting television, radar, navigational aids, and scientific uses such as 
radio astronomy. 


International control of radio transmission: the technical problem 


57. Radio communication involves the radiation of electromagnetic waves, 
one of the important characteristics of which is their frequencies. Different 
bands of frequencies are allotted for different services within a spectrum which 
has rapidly become overcrowded as the applications of radio have increased, and 
this is in spite of the fact that for the present and in the foreseeable future the 
radio spectrum covers the range of 10 kilocycles per second to 3 million mega- 
cycles per second. It is thus necessary for all users to conform to very strict 
rules regarding the area within the band which they may use for their trans- 
missions. Radio transmissions, and the codes and procedure used in connection 
therewith, are subject to the control of national administrations, who, as members 
or associate members of ITU, are allotted precise radio frequencies and may 
operate transmissions only within their allotment. Consequently, the basic 
function of ITU is to establish international regulations and codes of operation, 
and to act as the world agent for the equitable and effective distribution of radio- 
frequencies to all users. These regulations and frequency allocations are subject 
to adjustments from time to time as may be required, owing to changing condi- 
tions or as a result of the improvement of radio techniques. Among the problems 
facing engineers are the vagaries in the propagation of radio waves around the 
earth, interference due to atmospheric disturbances, and variations in the tropo- 
sphere (lower atmosphere) and ionosphere (upper atmosphere) through which 
the waves travel. The ionosphere, in particular, is subject to disturbance due 
to solar activity, with the consequent dislocation of terrestrial radio transmissions. 
It is obvious, therefore, that any launching of rockets or earth satellites which 
carry radio transmitters must be of concern to all persons connected with tele- 
communications, since these transmitters are potential sources of further inter- 
ference with other terrestrial users of the radio spectrum. Over the past year 
many statements have been made, and there is considerable documentation 
about the pollution of the radio spectrum and the consequent difficulties for 
world communications. 

58. As an indication of the future dangers that could be expected for the tele- 
communication services, it is easily possible for a satellite equipped with an 
effective radio transmitter to be supplied with batteries charged by solar radia- 
tion to continue in orbit for many decades. This could seriously interfere with 
communications that operate on the same frequency or adjacent frequencies to 
the satellite’s transmission during its travel around the earth every hundred-odd 
minutes. But it is well to remember that it is explicit in the ITU regulations 
that no such avoidable interference may be caused. 

59. According to the 1947 Convention drawn up at Atlantie City, ITU (a) acts 
as the general agent for the allocation of radio frequencies; (b) promotes the de- 
velopment of technical facilities by establishing standards and operating rules 
in order to improve telecommunication services; and (c) harmonizes the activities 
of nations for the attainment of these ends, To implement this work, the Con- 
vention set up an 1l-member International Frequency Registration Board 
(IFRB), whose duties are to record the frequencies allocated by members to 
users in accordance with the provisions in the Radio Regulations and to furnish 
advice regarding the maximum practicable number of radio channels in those 
portions of the spectrum where harmful interference may occur. To assist it 
in this aspect of its work, ITU has also the advice of CCIR. This is a scientific 
body which meets every 3 years to consider various technical radio questions and 
to make recommendations for action either by its national members or by ITU. 
Further, CCIR has adopted the practice, in recent years, of calling upon URSI 
for its advice. This is a strictly nonpolitical body which fosters international 
research in scientific radio, and brings a detached scientific approach to any radio 
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om including those that might in application have a political colouration. 
t is possible, or even likely, that COSP. if it continues in being, could similarly 
act in an advisory capacity in collaboration with URSI. 

60. At the recent Los Angeles meeting of CCIR, a recommendation concerning 
the allocation of frequencies to transmitters on space vehicles was made; this will 
be presented during the Administrative Radio Conference of ITU, which will 
open on August 17 at Geneva. In its working paper presented to the Ad Hoe 
Committee, ITU indicates that the Conference agenda will also carry the item 
“Communications with outer space.” Whether this will necessitate the amend- 
ment of the 1947 Convention remains to be seen. There appears to be no doubt, 
however, that efforts will be made for the reallocation of the radio spectrum to 
provide special bands for communications with and between locations in space. 


The International Radio Consultative Committee and its recommendations 


61. As already mentioned, the Committee meets in Plenary Assembly at inter- 
vals of about 3 years to consider questions that had been referred to 1 or more of 14 
study groups dealing with specific subjects. Recommendations adopted at 
its plenary meetings are submitted to ITU as a basis for action. Some technical 
and frequency problems are, however, settled by direct agreement at CCIR level. 
The very nature of radio communication makes mutual international agreement on 
frequency allocation essential. The Committee makes a study of the propagation 
of radio waves and reception characteristics in different parts of the world to enable 
it to recommend to ITU the best frequencies for the various services, from the 
point of view of reliability and freedom from interference. Atmospheric disturb- 
ances have been analyzed and an atlas of thunderstorm activity prepared to 
facilitate the planning of worldwide radio communication systems. 

62. In recent years frequencies had been assigned to radio astronomers, and 
their need for the exclusive use of certain bands in the radio spectrum has had to be 
recognized. The Committee has recommended that ITU should afford complete 
protection to the frequencies used in radio astronomy: (a) molecular or atomic 
nuclear frequencies, particularly in the hydrogen line of the spectrum; (b) bands 
allocated for standard frequency and time-signal transmissions; and (c) seven 
other frequency bands that needed to be kept clear of manmade interference. 
The case of radio astronomy has thus established a precedent for the allocation and 
protection of frequency bands for a — scientific purpose. 

63. In the case of space research, COSPAR has aineady recommended that special 
frequencies should be assigned, and CCIR, at its Plenary Assembly held at Los 
Angeles in April 1959, considered the technical aspects of the matter. In a detailed 
technical report on ‘‘Factors Affecting the Selection of Frequencies for Telecom- 
munication with and between Space Vehicles’ (document 662), the relevant 
requirements are considered. In some cases, it is desired to use radio waves which 
will be deviated in the transmission through the ionosphere and troposphere, so 
that the characteristics of these regions can be studied by tracking signals received 
from satellites in known positions. In some other cases, it is desired to use fre- 
quencies for which the atmosphere is quite transparent, so that the waves pursue a 
straight line trajectory between the space vehicle and the receiver. In a third 
case, frequencies are required for interecommunication between the space vehicle 
and the receiver. Finally, frequencies are required for intercommunication be- 
tween space vehicles under conditions that the corresponding waves may not be 
receivable at the earth’s surface and so cause no interference with world communi- 
cations using the same frequencies. 

64. These brief comments serve to illustrate the fact that the allocation of 
frequencies for use in communications with and between space vehicles is a matter 
that requires some considerable study of the technical problems involved. 

65. The Los Angeles Plenary Assembly of CCIR made recommendations and 
adopted resolutions on “Selection of Frequencies used in Telecommunication with 
and between Artificial Earth Satellites and other Space Vehicles” (document 531), 
“Influence of the Troposphere on Frequencies used for Telecommunication with 
and between Space Vehicles’ (document 530), and “Effects of the Ionosphere on 
Radio Waves for Telecommunication with and between Space Vehicles beyond the 
Lower Atmosphere” (document 538). 

66. In addition to making these recommendations and resolutions, CCIR set up 
a@ new study group “to study the technical questions regarding systems of tele- 
communications with and between locations in space.” While the work of the 
study group will produce more specific recommendations as to what frequencies 
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are appropriate for space communications, it seems likely that the progress of 
space science will necessitate ITU having to take early action in allotting fre- 
quencies for use in space vehicles, even if these are only available on a temporary 
basis. 


E. INTERNATIONAL CIVIL AVIATION ORGANIZATION 


67. The objects of the International Civil Aviation Organization (ICAO) are to 
develop the principles and techniques of international air navigation and to foster 
the planning and development of international air transport so as to ensure the 
safe and orderly growth of international civil aviation throughout the world. 

68. While ICAO has not so far carried out any specific activity directly related 
to the peaceful uses of outer space, a number of problems of outer space fall within 
the field of interest of the Organization. 

69. The Convention on International Civil Aviation of December 7, 1944, 
recognizes the sovereignty of each State over the airspace above its territory, but 
includes no definition of airspace. Such a definition would determine the scope of 
application of that Convention as well as of ICAO’s sphere of action. Further- 
more, while the subject of the Convention is “aircraft,” a definition of “aircraft’’ 
is not given therein. The Organization has adopted technical annexes to the 
Convention in which aircraft is defined as “any machine that can derive support 
in the atmosphere from the reactions of the air.” 

70. The launching of vehicles into outer space involves their passage through 
airspace; such vehicles may subsequently reenter airspace. At the national level, 
the necessary cooperation between the responsible agencies has already been 
developed. At the international level, an equal degree of cooperation will be 
required in order to ensure the safety of air navigation during the time of launching 
or of reentry of space craft through space used by aircraft. 

71. One of the objects of ICAO is to ‘“‘meet the needs of the peoples of the world 
for safe, regular, efficient and economical air transport.’”’ ‘Technical developments 
may advance to the point where space vehicles will be used for transport of mail 
and other goods, and even of persons. Evidently, ICAO would have an interest 
in any system regulating the two activities. 

72. In February 1959, the Council of ICAO decided to bring to the attention of 


the Assembly of the Organization, due to meet on June 16, 1959, a suggestion made 
to the Council that a study be made of the legal status of outer space and the 
regulation of the use of spacecraft, particularly with reference to the traffic of 
civil aircraft in airspace. However, since the question relating to outer space is 
under special consideration by the United Nations, the Council has pointed out 
that any action by ICAO on the subject shouid take into account the need for 
coordination with the deliberations of the United Nations. 


F. INTERNATIONAL ATOMIC ENERGY AGENCY 


73. No work is contemplated by the International Atomic poe Agency 
(IAEA) in the field of outer space in the immediate future. However, [AEA has 
an interest in the nuclear technology of outer space and might advise on its health 
and safety aspects. 

G. WORLD HEALTH ORGANIZATION 


74. The World Health Organization (WHO) is not now doing any work specific 
to outer space nor does it contemplate doing so in the immediate future. The 
Organization can, however, be most useful to any outer space program in stimu- 
lating research, publishing medical findings and holding symposia and seminars 


pertinent to medical or health problems associated with space exploration and 
travel. 


H. INTERGOVERNMENTAL MARITIME CONSULTATIVE ORGANIZATION 


75. The Intergovernmental Maritime Consultative Organization (IMCO) has 
at present no programs in the field of outer space. , However, in view of its overall 
responsibilities for international shipping matters, particularly the problems of 
safety at sea, navigation and improved communications, it can be expected to 
become associated with outer space developments affecting these responsibilities. 
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PART Il. PARAGRAPH l(b) OF GENERAL ASSEMBLY RESOLUTION 1348 (XIII) 
I, INTRODUCTION 
A. MANDATE OF THE COMMITTEE 


1. The task of the Ad Hoc Committee on the Peaceful Uses of Outer Space 
under paragraph 1(b) of General Assembly resolution 1348 (XIII) is to report on: 
“The area of international cooperation and programs in the peaceful uses of 
outer space which could appropriately be undertaken under United Nations 
auspices to the benefit of States irrespective of the state of their economic or 
scientific development, taking into account the following proposals, inter alia: 
“‘(j) Continuation on a permanent basis of the outer space research now 
being carried on within the framework of the International Geophysical Year; 

“Gi) Organization of the mutual exchange and dissemination of information 
on outer space research; 

“(iii) Coordination of national research programs for the study of outer 
space, and the rendering of all possible assistance and help towards their 
realization.” 

2. In preparing this report, the Committee has reviewed the present position 
and trends in peaceful space activities from a scientific and technical point of view. 
Drawing on the experience of its members in international scientific coordination, 
it has then analyzed the present methods and organs for cooperation in the use 
of outer space and considered areas of present and future need for cooperation. 

3. The Committee completed its task by specifying areas in which cooperation 
might appropriately be undertaken under the auspices of the United Nations. 


B. BRIEF HISTORY 


4 Man’s interest in space is age old. Until the last decade, however, his 
inquiries into the properties and objects of outer space have been confined to 
observations and measurements made from the surface of the earth or near that 
level. Mountaintop observatories, aircraft and balloons served in the past to 
sharpen the scientist’s measurements, but it remained for the high altitude rocket 
to open the domains of outer space to direct observation without the obscuring 
and distorting effect of the earth’s atmosphere. 

5. Rocket exploration of the upper atmosphere began in 1945. Since then 
both the development of rocket vehicles and of the techniques for making meas- 
urements by rocketborne instruments have advanced rapidly. The year 1957 
saw the advent of manmade satellites circulating around the earth in the adjoin- 
ing space, and in 1959 vehicles were launched which passed out of the area pre- 
dominately controlled by the Earth’s gravitation to become new planets circulating 
around the sun. It is now possible to explore the Earth’s atmosphere with many 
kinds of instruments to all heights, to place instrumented satellites above the 
atmosphere, and to probe the depths of space between the planets with auto- 
matically operating scientific equipment. Numerous facilities with varying ca- 
pacities for the launching of scientific research rockets exist around the world, 
and many countries are expanding their activities in rocket research. 

6. Looking into the future, and bearing in mind the rapid development during 
the past decade, it seems possible now to make reasonably realistic forecasts 
about expected developments valid for the next 2 to 4 years. Admittedly, present 
views into the future must be subject to continuous review and extension as new 
lines of thought are developed on the basis of technological achievements. 


C. PROBLEMS THAT FACE US 


7. In space activities, scientific and technological, there has been a great surge 
forward which opens new perspectives for human progress. Even more than in 
astronomy, they inherently ignore national boundaries. Space activities must 
to a large extent be an effort of Planet Earth as a whole. Along with the oppor- 
tunities in prospect for all peoples in the space age, there are problems which 
face us in arranging for these advances in science and technology on a global scale. 

8. Means must be found to utilize scientific and technical talent wherever it 
may exist, either in connection with space experiments and undertakings them- 
selves or in the invaluable supporting research and activities which must go along 
with them. Means must be found for coordination and facilitation of the activi- 
ties of the scientific community. A widespread problem is the encouragement 
and support of space activities nationally commensurate with the obvious inter- 
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national and popular interest. For some aspects the question of international 
financial support becomes important and would be on an unusually high scale 
compared with most previous international undertakings in science and technology. 

9. Coming sooner than many realize are problems connected with effectively 
taking advantage of the practical applications of space science, some of which, 
like weather, are already over the borizon while others will surely rise in the 
near future. 

10. The Committee recognizes that the great forward surge of space activities 
may also tend to widen the gap between the technologically advanced nations 
actively launching vehicles into space and other nations watching and wishing 
to take part in space activities, but feeling unable to do so. The problem is to 
make available and to exploit the possibilities that exist for participation by 
nations at all levels of development, from supporting research or operation of 
tracking stations to launching small vehicles or joining with others in more ad- 
vanced undertakings. A related problem lies in arranging the sharing of basic 
scientific information and topical data so that widespread participation is possible. 

11. The Committee feels strongly that the conduct of space activities must be 
effectively open and orderly. It is therefore important to find means for having 
peaceful space activities clearly announced right from the earliest stages and to 
make such activities known both to scientific specialists and to the world at large 
in an efficient manner. A determined attack on these problems is urgent, because 
the development of space activities is advancing at a staggering rate. 

12. Finally, there is the overall question of whether man’s advancement in 
outer space will redound to his benefit. Here man’s intent is of overriding im- 
portance, a point which was recognized during discussions at the last session of 
the General Assembly, when the resolution which established the Committee was 
adopted. The Committee has borne in mind throughout the fact that other 
organs within the United Nations have been given the important tasks of lessen- 
ing international friction, encouraging mutual trust and confidence and facilitating 
progress on disarmament. 


D. REFERENCES TO CONCLUSIONS 


13. The following sections of this report contain numerous specific conclusions. 


The Committee considered the desirability of restating these conclusions explicitly 
in a final section, but found that to do so would require considerable repetition 
of the text. The following section index calls attention to these conclusions: 


Paragraphs 
Open and orderly conduct of space activities___._._._._....---- 7-12, 121-131 
International coordination of radio frequencies 69, 94 
Supporting research 65-67 
Central registration of satellite orbital elements 70, 121-131 
Termination of radio transmissions 71 
Removel of anemd Satqlees «iis. wen sence init Heed bie Oeow «- neha Oe 72 
Reentry and recovery of space vehicles, etc 73-75, 121-131 
Contamination 76 
Simultaneous rocket launchings 77 
International use of launching ranges 78-79, 121-131 
Instrumentation of satellites and deep space probes 80-85, 109-117 
Tracking, telemetry, and data processing 86-89 
International exchange of data 90-91, 121-131 
Education and visits 92, 109-117 
Applications of results of space science 93-94, 118-120 
International launchings 95 
Fostering of international cooperation 96-97, 98-117 
Coordination of scientific activities 96-97, 104-108 
Development of national scientific capabilities 96-97, 109-117 
14. Attention is also drawn to the general conclusions given at the end of the 
report. 
If. Space ActivitrEs 


15. At the outset it is desirable to emphasize that scientific work in outer space 
embraces many disciplines involving both pure research and applied research. 
In the area of pure science, the primary objective is the advancement of knowledge 
of the environment in which the earth moves, and later the extension of this 
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knowledge to other parts of the solar system, and even further afield. In the 
applied and more technological area there are two phases: 
(a) The development of space vehicles of a great variety of sizes and uses; 
(b) The use of these vehicles to advance applied science in such fields as 
meteorology and communication. 

16. The development of vehicles which make possible the scientific study of 
outer space has, to a large extent, been the outcome of military objectives and 
therefore problems of national security have prohibited the free exchange of in- 
formation. Nevertheless, the technology of these vehicles has developed along 
parallel lines in several countries and it may be stated that the problems are now 
more those of engineering than of science. In view of this, the Technical Com- 
mittee has not considered it necessary to deliberate on the vehicles used for the 
exploration of outer space, but has started with the premise that these are avail- 
able even though the larger vehicles are at present only available to countries 
whose industrial, technological and, especially, financial resources make them 
possible. 

17. Although great resources are required to construct a space vehicle of extreme 
range, this does not in any way mean that scientific activities in space are limited 
only to large countries. Knowledge of the physical state of the upper atmosphere 
(the exact limits of which cannot be defined) at levels inaccessible to aircraft 
and balloons is far from satisfactory. Between the range attainable by aircraft 
and balloons and the lowest practicable satellite level, comparatively inexpensive 
rockets can be used for the conduct of scientific experiments and many countries 
should be able to participate in the experiments. The feasibility of such experi- 
ments has been well demonstrated by the excellent work carried out by Australian, 
Canadian, French, Japanese, Soviet, United Kingdom, and United States scien- 
tists who have made valuable contributions quite apart from the more spectacular 
results of satellites and space probes. 


A. SCIENTIFIC INVESTIGATIONS 


18. The kinds of measurements made in space science programs are mostly 
similar to, or developments of, those made from balloons or sounding rockets in 
the past several years. In this era of advancing space technology, more complex 
measurements in the lower atmosphere can be made. The regions accessible to 
measurement are now being extended to the Earth’s outer atmosphere, into inter- 
planetary space, to the Moon and planets andthe Sun. The simple experiments 
of today will soon develop into work with complex satellite or space observatories. 
Some of the aims of space investigations are to increase our knowledge by direct 
or improved observation of the following: 

(a) The atmospheres of the Earth, Sun and planets, as well as possible 
vestiges of an atmosphere on the moon, including the electrically conducting 
regions or ionospheres in these atmospheres; 

(b) Electric, magnetic, and gravitational forces throughout space in the 
solar system, whose strength and properties have hitherto only been inferred 
by very indirect reasoning; 

(c) Diluted gas and scattered dust particles in space between the planets 
and within comets; 

(d) Electrified particles, in some cases emanating from the Sun, and always 
influenced by electric and magnetic forces within the solar system; such par- 
ticles include those producing the polar auroras, those stored in the radiation 
belts in the vicinity of the earth, and the very energetic cosmic rays; 

(e) The details of the external form and the internal composition of the 
Earth, planets, and Moon; 

(f) Conceivable living organisms outside the Earth, either on the surfaces 
of other planets or elsewhere; 

(g) Stellar and galactic objects and phenomena. 

Special problems such as the verification of certain conclusions from Einstein’s 
general theory of relativity, are also among the objectives of space experiments. 

19. These objectives are attainable by series of individual experiments, each 
with its special instruments, especially designed and tested to withstand the 
rigours of launching and of the space environment. A whole new technology is 
involved in the systems for taking the results of the experiments and transmitting 
them back to Earth. 

20. The first use of Earth satellites and space probes was made under the 
auspices of the International Geophysical Year Gy). The year enterprise was 
sponsored by the International Council of Scientific Unions (ICSU), & nongovern- 
mental body, and was carried out through the cooperation of national scientific 
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groups in some 66 countries, each of which decided on its scientific program and 
arranged for its support. Many countries had programs in the IGY category 
“Rockets and Satellites.’”” As a means of continuing this kind of voluntary inter- 
national coordination and cooperation, ICSU has established the Committee on 
Space Research (COSPAR). 

21. It is too early in the space age to envisage all, or even the ultimately most 
important applications of space research; however, experience from other areas 
of scientific inquiry started or spurred by some marked scientific or technological 
advance gives considerable assurance that the findings of space science will have 
a strong influence on the future of mankind. 


B. APPLICATIONS FURTHERING HUMAN WELFARE 


22. As a result of these scientific investigations, it can be expected that there 
will be many developments leading to practical applications which in turn will 
add materially to the comfort and well-being of the world at large. A few of 
the possible applications of space technology are now coming into focus and are 
at present in the earliest stages of development. How and when these applica- 
tions will mature will depend on many factors which cannot now be predicted. 
Some of the applications which are now foreseen are: the collection of data, 
particularly for immediate meteorological purposes; the improvement of long- 
distance radio communication; a means of improving man’s view of the size and 
shape of the earth and of the distribution of land masses and water; and an 
all-weather global navigational system. 

23. These and other applications of satellites that develop as a result of ad- 
vancing technology will not become feasible immediately, but must necessarily 
depend upon an orderly sequence of technological developments. It must be 
realized, however, that the time when these applications will become available 
depends on many other factors over which the scientist can exercise no control. 


C., IMPROVEMENT OF WEATHER FORECASTING 


24. Historically, meteorologists had to rely first on observations that could 
be made on the ground. Over the years, a meteorological network has been 
established using ground stations and many types of vehicles ranging from ships 
and aircraft to balloons. Despite the geographical extension of this network into 
many parts of the world, it is still inadequate. The earth is covered by such 
extensive regions of water, ice, and desert that only about one-fifth of the atmos- 
phere is under regular observation, and wide areas of storms or other extremes 
of weather remain inadequately observed until they arrive at populated areas. 
Vertically, balloons rarely reach higher than 30 kilometers, and they ascend slowly, 
drifting away from the observation station to inconvenient distances. 

25. Meteorological rockets ascending vertically can be used for routine measure- 
ment of pressures, temperatures and humidity. This can be done inexpensively 
up to heights of 60 kilometers. Rockets can also be made to eject small bits of 
metal foil or other good targets for radar and in this way permit measurement of 
wind direction and speed up to as much as 45 kilometers height. Rockets carrying 
cameras can be used to photograph cloud areas from above, and thus aid in the 
detection of squalls, hurricanes, typhoons and other large cloud formations. 

26. In a different way, satellites circulating in close orbits around the earth 
will soon provide meteorologists with another tool for surveying the large, 
inadequately observed parts of the globe. Thus man will obtain a downward 
look at clouds, and with a proper distribution of such satellites, it should be pos- 
sible to keep track of each major storm, to note the birth of new storms and rain 
areas, and the death of old ones. 

27. Some of the Earth satellite techniques required for this extension of the 
capabilities of meteorological systems may be available within a few years; 
others may require a development period of over a decade. An ultimate system 
to accomplish regular collection of meteorological data on a global basis might 
make use of perhaps six to eight satellites in 800 to 1,600 kilometer altitude 
— orbits as well as several satellites in 35,000 kilometer altitude equatorial 
orbits. 

28. Future progress in weathering forecasting over longer periods than a few 
days depends on the delineation of large-scale features of weather over the globe, 
as distinct from local studies in limited areas. Another significant application 
is the comparison between the heat received from the Sun and that reflected or 
radiated from the Earth into space. Such satellite measurements may assist in 
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anticipating climatic changes and may possibly contribute to the development 
of new systems of long-range weather forecasting. 

29. The use of meteorological satellite systems would not, of course, replace 
other observation techniques. These, with sounding rockets important among 
them, would continue to be needed to provide detailed knowledge of the structure 
of the atmosphere at lower altitudes. The total quantity of data collected would 
be tremendous and since the data would have to be used w thin a few hours, there 
would be a requirement for new techniques for interpretation and utilization. 
In this connection it may be appropriate to suggest that the International Com- 
putation Center at Rome, established with the assistance of UNESCO, is con- 
cerned with precisely such problems. 

30. A foreseeable benefit would be to extend weather forecasting capabilities 
from the present limit of days to periods of several weeks and beyond. No less 
important than the obvious practical assistance to weather forecasting will be 
the contribution to basic knowledge of the workings of the atmosphere which 
may assist in anticipating climatic changes. Ultimately these advances should 
afford direct benefits to agriculture, industry, and transportation. 


D. IMPROVEMENT OF RADIO COMMUNICATIONS 


31. Currently available means of worldwide communications suffer from severe 
limitations of capacity. For example, the present transatlantic cables are ex- 
pected to be saturated by 1962. Owing to the anticipated increase in messages 
during the coming decade, a new cable with several times the capacity of the 
present ones will be saturated by the time it is available. 

32. Apart from enclosed cables, worldwide communications depend on the 
presence of reflecting regions in the high atmosphere which permit radio waves 
to be sent from one part of the world to another, despite the obstacle presented 
by the curvature of the Earth. Nature has provided such reflecting regions in the 
high levels of the atmosphere, from 70 kilometers upwaid where free electric 
charges are created when the sun shines on the air. Howeve1, these natural re- 
flecting layers are only useful on certain radio wavelengths and are ineffective on 
others. Since they are often disturbed by electromagnetic processes on the sun 
and by polar auroras, their properties are erratic at certain times and places which 
can only be anticipated in part. 

33. In view of these circumstances, it has become desirable to search for new 
means of economic world communications; a promising approach to a truly 
worldwide system is the use of Earth satellites as passive reflectors or active 
repeaters. 

34. In the case of the passive reflector, an antenna using much shorter waves 
will beam a powerful signal at the satellite which will reflect it in such a manner 
that it may be received by suitable equipment anywhere within reach, or will 
reflect the signal in specific directions. Such a satellite might be used simul- 
taneously by many, subject only to allocation of noninterfering frequencies. An 
operational system might involve some 25 satellites together with extensive 
ground equipment. 

35. The technique of using active repeaters in satellites will involve directing a 
signal to a satellite, which in turn will rebroadcast it to the ground. Rebroad- 
casting may be accomplished instantaneously or with suitable delay until the satel- 
lite has moved into a good position relative to the intended receiver. Three such 
satellites spaced 120° apart in 35,000 kilometer altitude orbits at the Equator 
might comprise a useful system. 

36. Each of the two techniques appears to have advantages and disadvantages. 
Passive reflector systems involve simple satellites but appear to require relatively 
large numbers and involve heavy requirements for ground transmitting and re- 
ceiving equipment. Active repeater systems appear to require fewer satellites 
and reduced ground equipment; however, they would be susceptible to defective 
operation, have a limited frequency range, and require a continuing power supply 
on board. 

37. Communications satellites are currently in a very early stage of develop- 
ment. Their technical aspects remain to be explored as does the full extent of 
their economic and other implications. However, the substantial increase in the 
amount of information that may be transmitted internationally in a given interval 
of time may ultimately have a major impact on the relations of countries through- 
out the world. 

38. It should be noted that preliminary experiments conducted at moderate cost 
with vertically ascending rockets give ample scope for important contributions 
from scientists in many countries to this technical problem. 
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E. GEODETIC AND MAPPING SATELLITES 


39. Geodetic and Sa offer the means of improving man’s view 
of the size and shape of the Earth and the distribution of land masses and water. 
Optical observation of geodetic satellites has the potentiality of yielding the 
observer’s location to less than 30 meters while mapping satellites provide a means 
for charting the little explored regions of the world. Improved data on geograph- 
ical details of the earth may be of economic as well as scientific significance. 


F. NAVIGATION SATELLITE 


40. The navigation satellite may provide the basis for an all-weather long-range 
navigation system for surface vehicles and aircraft. With the use of suitable 
ranges of frequencies for transmission, it would be possible to establish positions 
with great precision irrespective of the prevailing weather. At the present time, 
there is no such worldwide all-weather system of navigation. 


G. MANNED SPACE FLIGHT AND EXPLORATION 


41. Initial interest in man’s role in space has been concerned with the utilization 
of his unique characteristics which allow him to absorb a wide variety of observa- 
tions, to remember and to make decisions in a way that cannot be duplicated by 
machines. Such human qualities as persistence, resourcefulness and the relative 
reliability of the complex human system further indicate the need for man’s in- 
clusion in the development of space flight and exploration. 

42. Although unmanned vehicles will have preceded man in the exploration of 
space, perhaps effecting landings on the Moon, penetrating interplanetary space, 
and at least approaching the planets, the addition of man to these efforts will 
constitute a dramatic innovation, one which is only in part “scientific’’ in purpose 
and only in a special sense a “‘practical’’ application of space vehicles. The moti- 
vation of manned space exploration goes deeper than any scientific and other 
practical results. Apparent throughout man’s history is a basic urge to discover 
and to explore, to go where no man has gone before, to go everywhere man has the 
means of going. As it becomes possible for man to explore outer space, he can 
confidently be expected to do so. 

43. The first demonstrations of manned space flight can be expected in the near 
future, probably in the form of experiments with rockets followed by relatively 
simple manned orbital vehicles. Looking well beyond such initial efforts, it is 
possible to foresee the initiation of true manned exploration of space, that is the 
use of space vehicles to enable man to reach, investigate and return from the moon, 
interplanetary space, and ultimately at least the near planets. There does not 
appear to be any foreseeable prospect of manned exploration of interstellar space. 

44. Although no insuperable problems have yet been identified, the scientific 
and technical problems of true manned space exploration are substantial, and the 
period required for full perfection of the necessary vehicles, equipment instru- 
mentation and techniques will be measured in terms of decades rather than years. 


lII. Toots ror Space Activities 


45. The development of vehicles for scientific activities in outer space is the 
key to executing a successful space programme. Over the centuries, man has 
accumulated a good deal of knowledge about his planet, the solar system and the 
universe, but any real penetration of space must still await the development of 
adequate vehicles. In terms of the mission to be accomplished by these vehicles, 
they can be classified as follows: (a) sounding rockets; (b) Earth satellites; and 
(ec) deep space probes. 

A. SOUNDING ROCKETS 


46. Rocket exploration of the peers began in 1945. Since then both the 


development of rocket vehicles and of the techniques for making measurements by 
rocketborne instruments has advanced rapidly. 

47. The phrase ‘“‘sounding rockets’’ designates a rocket research vehicle that is 
used to sound the upper atmosphere, in much the same sense that the mariner 
sounds the ocean depths or the meteorologist uses sounding balloons for observa- 
tions in the lower atmosphere. There exists a wide variety of sounding rockets; 
some can reach heights of only tens of kilometers, while others reach to hundreds 
or even thousands of kilometers. In an effort to distinguish between sounding 
rockets and the deep space probe to be discussed below, an arbitrary definition is 
adopted as follows: a sounding rocket is a vehicle launched vertically or nearly 
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vertically that reaches an altitude of no more than one Earth’s radius, or approxi- 
mately 6,000 kilometers. 

48. This definition is somewhat arbitrary, though not completely so. There are 
advantages to this definition in that vehicles to attain heights greater than about 
one earth’s radius are substantially more expensive than those designed for lesser 
heights. Thus, one may anticipate the participation of many countries in sound- 
ing rocket programs, whereas participation in the launching of deep space probes 
will probably be limited for economic reasons. Similarly, a sounding rocket 
operation can generally be carried out entirely within the domains of a single 
country. 

49. With present technology, the state of the upper atmosphere can be studied 
by means less expensive than rockets, up to heights of about 30 kilometers. Rela- 
tively inexpensive sounding rocket experiments may start from this level and 
extend upwards. Satellites, as has been noted, cannot cover the intermediate 
levels between the 30 kilometers mentioned previously and the lowest practical 
satellite orbits of about 200 kilometers, yet knowledge of the physical state of the 
atmosphere at these levels is far from satisfactory. 

50. Whereas we have much to learn about the methods and techniques of fully 
exploiting satellite and space probes, sounding rocket technology is now at the 
stage of becoming fully developed. 


B, EARTH SATELLITES 


51. An Earth satellite is simply a manmade moon revolving about the Earth. 
The work of the past year or two has already shown the possibilities of artificial 
Earth satellites as a new technique for exploring the physical characteristics of the 
Earth’s atmosphere and the space beyond. 

52. When launched in a satisfactory manner as to speed and direction, these 
satellites travel in elliptical orbits around the Earth at heights which may range 
from a few hundred to many thousands of kilometers. Such a satellite forma a 
vehicle which may house a number of scientific-instruments, and can carry out a 
number of functions simultaneously. 

53. The data associated with the experiments can be obtained from a satellite in 
three ways: (a) by transmission directly to the Earth by radio communication; 
(b) through storage in a suitable recorder which can be interrogated by radio 
command when the satellite is in a suitable position relative to a receiving station; 
or (c) cyontoay, through physical recovery of records from satellites that are 
returned to the Earth. 

54. In the case of (a) it is necessary to have suitable receiving stations deployed 
over the Earth to collect the information at various points as the satellite travels 
round its trajectory. In the case of (6), although the stored information can be 
extracted when required, it is still necessary to have a network of tracking stations 
over the Earth, in order to establish the positions of the satellite at the times the 
various scientific observations were made, 

55. The orientation of the orbit of the satellite is predetermined by the launching 
conditiens. When set at an appropriate angle to the meridian, this trajectory may 
either cover the entire surface of the Earth as it rotates as it would in passing over 
the poles, or it may be confined to a relatively small zone about the Equator, For 
different investigations, different orbital trajectories may be required and careful 
planning on an international scale is required to make the best use of this expensive 
type of technique. 

56. Among the space vehicle operational techniques yet to be perfected are those 
related to the reentry and recovery of vehicles. At this time, not all the problems 
associated with this type of operation can be fully evaluated, but because of the 
nature of the problem, it may ts desirable to consider ways and means of minimize 
ing the possibility of accidents. 


C. SPACE PROBES 


57. A space probe is defined as an exploratory vehicle, not an Earth satellite, 
that goes into space beyond one Earth’s radius from the surface of the Earth. 
Such vehicles can be instrumented for numerous important scientific investigations, 

58. By launching a payload at a sufficiently great speed, a rocket can be used 
to project scientific instruments into interplanetary space. If the aim of such 
a space probe is simply to make measurements deep in space, far from Earth 
without any particular reference to any celestial body such as a Moon or planet, 
then it suffices to project the object at a sufficiently great speed in a general out- 
ward direction. On such a mission, control mechanisms can be kept at a minimum, 
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On the other hand if, for example, it is desired to project the object close to the 
Moon or close to Venus, then exacting control and timing requirements must be 
met. 

D. NETWORK OF OBSERVING STATIONS 


59. Ground observing stations are essential to the successful conduct of any 
space activity involving satellites or space probes.’ The primary functions of such 
stations are: (a) tracking the space vehicle by radio, radar, and opiteal methods, 
and (6) receiving and recording the radio signals transmitted from the vehicle. 
These signals contain in coded form the observational measurements made in the 
vehicle: this is called telemetry. Some stations may be used to give instructions 
by radio to the vehicle. In general, a worldwide network of stations is needed, 
although in some eases only a small number may be required. For sounding 
rocket experiments, for instance, usually only a single station or close-spaced 
group of stations is needed. 

60. Tracking is done by radio techniques for satellites while they transmit. 
Optical and radar techniques can be employed throughout the life of a satellite. 
High accuracy of position and time are essential to allow the orbit to be deter- 
mined well enough to predict future positions for many days in advance. Prompt 
reporting of tracking observations to computation centers, rapid calculations, 
and prompt dissemination of prediction information are requirements for an 
effective tracking network. Customarily, all available observations are used for 
calculations intended to improve subsequent predictions, while only the most 
precise tracking observations are used for determination of the definitive orbit 
needed in interpreting the scientific experiments which may be carried on the 
satellite. 

61. Radio is almost the only way to track space probes. When these are at 
large distances from the Earth, the signals are inevitably very weak and require 
the use of large radio telescopes such as those used in radio astronomy for detection. 
However, few stations are needed in the tracking network for such experiments 
because at great distances the vehicle is observable from about half of the earth. 

62. Telemetering signals are commonly recorded at the same stations which do 
radio tracking. For space probes this is almost essential because of the extreme 
sensitivity of receiving equipment needed for both purposes. However, for 
satellite experiments, telemetry may be recorded easily with radio receivers 
without the complicated arrangements for measuring the angular position of the 
radio transmitter. For many experiments, more telemetry stations are needed 
than tracking stations. 

63. The operation of tracking and telemetry equipment in this network of 
ground stations has been an important way in which many countries have partici- 
pated in space science beginning with the International Geophysical Year. Some 
countries have also used tracking-type observations of satellite radio transmissions 
to make significant findings about the Earth’s ionosphere. No single country extends 
over a sufficient range of latitude and longitude to be able to track Earth satellites 
adequately from its own stations. Earth satellite experiments have been wholly 
dependent upon international cooperation. This has been aceomplished within 
the IGY-type framework. Necessary improvements and extensions can be 
handled within the existing framework. 

64. Radio transmissions from satellites and space probes are the only practical 
way for the scientist to get information on experiments in progress; they also are 
the only practical way to track the course of the vehicle, at least until the orbit 
or trajectory is well determined. Thus the availability of radiofrequencies which 
will not be interfered with by terrestrial radio transmissions is a matter of life 
and death to the progress of space activities. This is one of the important matters 
requiring international action in the field of space. The prospective number of 
satellites and space probes to be launched in the next few years is in the hundreds. 


IV. Supporting RESEARCH 


65. Many research activities not directly connected with actual flights of 
sounding rockets, satellites and space probes are essential to the progress of space 
Science and technology. A large portion of scientific research in the field of 
extraterrestrial space is done on the ground either at sea level or in high mountains 
or with the help of balloons up to the altitude of about 30 kilometers. In addition, 
there are important studies to be done in the laboratory before or after the experi- 
ments using space vehicles; such studies may be theoretical or experimental. 
Contributions in these areas of research have been made in a large number of 
countries in recent years. In the future, the prospering of space science will 


51548—60——9 





122 RADIO FREQUENCY CONTROL 


continue to depend heavily on work done in countries and by groups of scientists 
that may not require direct access to space vehicles. 

66. Examples of supporting research areas and topics would include the 
following: 


A. RESEARCH WHICH MAY LEAD TO NEW OR IMPROVED EQUIPMENT TO BE FLOWN 
IN SPACE VEHICLES 
This includes: 
(a) Instrument components: Power supplies, telemeters, light sources, 
image intensifiers, photon counters, photomultipliers, microelectronics; 
o Instruments: Magnetometers, spectrometers, pressure gages, ion 
robes: 
B (c) Materials: Photosensitive, heat resistant; 
(d) Environmental tests: Acceleration effects, radiation effects, vibra- 
tional effects; 
(e) Biological: Life support systems, foods, removal of gases and poisons; 
(f) Psychological: Confinement, effects of sensory deprivation. 


B. RESEARCH WHICH MAY LEAD TO MORE NEARLY OPTIMUM TRAJECTORIES OR 
KNOWLEDGE OF ORBITS 
This includes: 


(a) Aerodynamics; 

(b) Propulsion: Methods, including plasma, ions and photons; 
(c) Guidance techniques and systems; 

(d) Tracking methods; 

(e) Computational methods for obtaining orbits and trajectories. 


C. GROUND-BASED PHYSICAL OBSERVATION AND RESEARCH 


This includes: 

(a) Planetary astronomy: Physical observations of planets and planetary 
atmospheres by optical and radio techniques; 

(6) Solar activity: Optical flares, radio outbursts, corona, direct and 
indirect evidence of particle ejections; 

(c) Comets: Photometry and spectroscopy; 

(d) Cosmic rays: Study of primary or secondary cosmic ray particles 
accessible to ground or mountaintop stations and balloons; 

(e) Meteors: Number, size, orbits by optical and radio techniques; 

(f) Meteorites: Composition, structure; 

(g) Ionospheric studies: Vertical soundings, scattering, whistlers; 

(h) Geomagnetism: Survey of field at surface, variations, disturbances. 


D. THEORETICAL RESEARCH AND MATHEMATICAL METHODS 


This includes: 
(a) Magnetohydrodynamics; 
(b) Cosmology; 
(c) Astrophysics; 
(d) Celestial mechanics; 
(e) Information theory, including data processing and reduction. 

67. Exchange of information is needed in all phases of space research. How- 
ever, in the areas which are described here, this exchange is particularly valuable 
because scientific groups in so many countries participate in theoretical, labora- 
tory and ground-based research. Modern techniques could be used to solve 
documentation and language problems involved in such exchange, which could 
also be encouraged by symposia, conferences and exchanges of research staff, 
Mechanisms for some of this exchange of information are being carried over from 
the period of the International Geophysical Year. 


Vv. INTERNATIONAL COOPERATION IN THE CONDUCT OF SPACE ACTIVITIES 


68. There is a wide area of activities in which international cooperation is 
desirable, and in some cases roses, in order to realize to the fullest the potential 
benefits of space activities. In some cases, there is simply a requirement for 
mutual agreements on how to approach specific problems. Once such agreements 
have been artived at for the open and orderly conduct of space activities, they 
can form the basis of an international routine. In other cases, there is need for 
active cooperative endeavors in which groups of nations assist each other in 
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carrying out various phases of space activities. The following list is illustrative 
of these kinds of international cooperation: 


A. INTERNATIONAL AGREEMENTS 
Use of radio frequencies 


69. Accomplishment of most uses of space vehicles will depend heavily upon 
the adequate availability of communications channels. Allocation of frequencies 
specifically for use by space vehicles and in space activities will be necessary to 
assure that channels will be available as needed. There already exists in iru 
and its advisory bodies the means for handling this problem. The Committee 
agrees that there is an urgent need for international coordination of radio frequen- 
cies for use in association with space vehicles for tracking, telemetry and research 
purposes. Interference by space vehicles might seriously affect radio services on 
the earth. Similarly, radio interference from terrestrial sources could cripple the 
conduct of space programs. The Committee strongly urges that ITU and the 
States members of the 1959 Administrative Radio Conference of ITU allocate 
adequate frequencies for space programs, with adequate bandwidths for the 
foreseeable needs of space programs in the next 3 years. 


Registration of orbital elements 


70. Precise orbital elements are determined by launching countries from data 
acquired during the launching and initial orbital phases. In addition to scientific 
and technical usefulness, information concerning precise orbital elements might 
assist in identifying individual satellites. The problem of identification will be- 
come increasingly difficult as satellite traffic overloads the ground facilities. It 


will, therefore, probably be useful for orbital elements to be registered at a central 
point. 


Continuing radio transmission 


71. Solar-powered transmitters as well as possible future types of equipment 
may continue to transmit long after the experimental or other purpose of a satellite 
has been fulfilled. Such continued transmission can result in interference with 
transmission from space vehicles still performing a useful purpose. Therefore, 


it will be necessary to provide for termination of transmission at the end of the 
satellite’s useful life. 


Removal of spent satellites 


72. The continued orbiting of satellites beyond the period of their useful opera- 
tional life imposes the necessity of continuing their observation and registration. 
The foreseeable increase in this space ‘‘traffic’’ problem is formidable. Destruc- 
tion or recovery of such spent satellites, if posible, might be desirable to limit the 
“traffic’’ problem to those satellites actually performing useful functions. This 
is feasible in larger satellites which are capable of carrying the necessary braking 
rockets required to cause the satellites to descend at the end of their useful lives. 


The ‘‘traffic’’ problem is, of course, not in space itself but in the capacity of 
ground tracking networks. 


Reentry and recovery of space vehicles 


73. Among the space vehicle operational techniques yet to be fected are 
those related to the planned reentry and recovery of space vehicles. International 
cooperation may greatly aid the successful accomplishment of such operations 
while minimizing the possibility of accident. International arrangements will 
probably be especially important in the case of reentry of manned vehicles. 


Return of equipment 


74. Where space vehicles reenter the Earth’s atmosphere either through design 
or misadventure and any equipment or instrumentation is recovered by countries 
other than the launching country, arrangements are needed for restoring such 
instrumentation and equipment to the launching country. 


Identification of origin 

_ 75. Provision can be made in all space vehicles for identification of the launch- 
ing country. Such identification would be useful where equipment is recovered 
from space vehicles which have reentered the earth’s atmosphere or where a 
question of liability arises in connection with possible damage caused upon reentry. 
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Contamination 


76. Scientific studies indicate that certain activities related to lunar and 
planetary impacts might result in biological, chemical, and radiation contamina- 
tion jeopardizing subsequent physical and chemical studies and endangering pos- 
sible living organisms. Release of chemical markers, radioactivity resulting from 
nuclear explosions, generating of gases in connection with “‘soft’’ landings and 
the spreading of terrestrial micro-organisms carried within space vehicles represent 
possible sources of contamination to the Moon and planets. The reentry of space 
vehicles which have effected landings on the Moon and planets might contaminate 
the Earth on their return. It will probably be desirable to continue such studies 
of this problem as are already underway, for example, in COSPAR, with a view 
to arriving at appropriate agreements to minimize the adverse effects of possible 
biological, radiological, and chemical contamination. 


B. INTERNATIONAL COOPERATION IN JOINT PROJECTS 


Simultaneous sounding rocket launchings 


77. In the use of sounding rockets to investigate the upper atmosphere and to 
conduct rocket astronomy experiments, there are several fields of investigation 
which would be promoted more effectively if simultaneous launchings were made 
in many countries, as happened during the International Rocket Week in 1958 
during the International Geophysical Year, and as is planned for the autumn of 
1959 by COSPAR. Organizations such as the International Council of Scientific 
Unions and the International Astronautical Federation are available to plan the 
scientific and technological programs respectively, but some encouragement by 
the United Nations may be worthwhile. 


International use of launching ranges 


78. Thought should be given to means of making available launching ranges 
for vertical sounding rockets on an international scale for the conduct of experi- 
ments for scientific purposes. This has already been done in several cases by 
mutual agreement between nations or research institutions. This procedure is 
suitable at the present stage and will continue to be valuable during coming years. 

79. In the more distant future, however, these thoughts might be elaborated 
toward considering the creation of an international rocket range. This step is 
much more ambitious than earlier arrangements, but its impact on truly inter- 
national space research would be substantial. Much advice on the selection of 
programs for international launching of vertical sounding rockets can be given 
through the organizations associated with the international scientific unions; 
possibilities also exist in the United Nations family for the exchange of personnel 
and for negotiations relating to agreement between governments on scientific 
matters. But undoubtedly government negotiation initiated, for instance, 
through the United Nations, would be a necessary step to take before it would be 
possible to establish one or more international ranges for sounding rocket research 


Instrumentation of satellites and deep space probes 


80. In some cases it may be desirable to arrange international cooperative 
projects to provide instruments and scientific payloads in space vehicles. There 
are several ways in which this may be done. 

81. First, one or more scientists from various countries may be invited to be- 
come part of the team that is preparing the payload for launching into space. 
These scientists would work on their part of the instrument equipment in appro- 
priate laboratories in the launching nations, participating as required in all phases 
of the work. This method seems quite workable and can confidently be expected 
to be effective. 

82. Secondly, a scientist in the launching nation can be designated to prepare 
an experiment devised by a scientist of another country. He would then work in 
close cooperation with the originator, and represent him as necessary during all 
phases of the project. This method, too, is workable and can be effective. 

83. Thirdly, one might envisage a scientist in one country preparing an experi- 
ment, sending the instrumentation as a box, or a group of boxes, to the launching 
nation for installation in the payload of the space vehicle. From experience, it 
can be said that this method will succeed only in exceptional cases, and should 
not be encouraged during the foreseeable future to the detriment of other 
approaches, 

84. It appears that a strong element in the preparation of such joint instrumen- 
tation of space vehicles is the direct negotiation between the responsible scientifi¢ 
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administrations. Similar conditions apply to the ground network of observatories 
at which the measurements must be made by scientists who may be trusted to 
organize their own cooperation in the most efficient manner. 

85. It is worth noting that the international scientific organizations, such as 
the international scientific unions or UNESCO, can contribute substantially to 
the organization and planning of such forms of cooperation. In this field, however, 
it may well prove advantageous to have the supporting authority and goodwill of 
the United Nations, particularly to assist in the resolving of international problems 
confronting the scientists. 

Tracking and telemetering 


86. As discussed in paragraphs 59 to 64, the tracking of a space vehicle anc. the 
reception of telemetred signals from it are an essential part of obtaining the 
scientific or technical data for which the space vehicle is launched. In many 
cases it will be desirable to have several nations cooperate in the tracking of a 
space vehicle. Particularly in the case of Earth satellites it may be desirable to 
continue such cooperative tracking for long periods of the satellite’s operating 
life. In the case of space probes, on the other hand, cooperative tracking may 
well be required only during the first 1 or 2 days of the flight, after which only 
periodic tracking will be required which can probably be handled by the launching 
nation with its own facilities and tracking stations. 

87. With regard to the telemetering of scientific information from space vehicles, 
similar remarks apply. It will be usual for the telemetering system to be an 
integral part of the tracking system. It will frequently be desirable to take 
continuous records for periods of from hours to days. In such cases, international 
cooperative reception and recording of the signals will be needed. 


Data processing 


88. The processing of tracking and telemetering data to useful form can be a 
formidable task, particularly in the case of earth satellites from which tremendous 
amounts of data may be received. It may be desirable to organize an international 
cooperative program for such data processing. 


Interpretation of data 


89. The theoretical analysis and interpretation of experimental data from space 
vehicles comprise an area in which international cooperation is highly desirable. 
The most effective use can be made of experimental results by the participation 
of scientists throughout the world in interpreting those results and applying 


them to a further understanding of the universe and to the development of 
practical applications. 


International exchange of data 


90. Strong international support of existing organizations in the collection, 
cataloging, and dissemination of data and results obtained from space activities, 
including supporting research, is necessary if the world is to benefit fully from 


and to contribute to the advancement of the space era. Such support includes 
not only the financial assistance and management provided by the nations oper- 
ating the already existing world data centers, but also an extension of the number 
and scope of such centers in view of the bigger role assigned to them by the 
channeling of data and results from all branches of space research and activities. 

91. It appears also that some centralized advice and coordination in this area 
as be pemeiren, and this might well be continued within the UNESCO-ICSU 
ramework. 


Education 


92. There will be a continuing need to inform not only the scientific and engi- 
neering communities, but also governments and the public about space activities, 
UNESCO has had much experience in the preparation and dissemination of texts, 
manuals, lectures, television programs, etc., and might be a suitable organization 
to assume the responsibility for this in the areas of space activities. 


Meteorological satellites 


93. It is to be foreseen that a meteorological satellite system of worldwide 
usefulness will be in operation some years from now. Some international arrange- 
ment will be necessary to insure maximum effectiveness of this system in bene- 
fiting commerce, industry, agriculture, etc. WMO is an appropriate organization 


to undertake such coordination, and in fact has already begun to consider this 
question. 
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Communications satellites 


94. In the foreseeable future a system of communications satellites may be 
be placed in operation. As in the case of a meteorological system, the com- 
munications system will require international cooperation for maximum effective- 
ness. Problems of frequency allocations, the handling of message traffic, etc., 


will have to be solved. It would be well for ITU to begin a study of these problems 
at once. 


International launchings 


95. Launchings of satellites and space probes by an international team would 
be an extremely complex and organizationally difficult operation, which probably 
should not be attempted in the immediate future. On the other hand, it may be 
desirable on occasion for a single nation to undertake to launch a scientific satellite 
or space probe under the auspices of ICSU or the United Nations. In such an 
international project the scientific payload would be instrumented as a cooperative 
endeavor by some group of nations. In this manner scientists who would not 
otherwise have the opportunity of performing experiments in space vehicles may 
be brought more deeply into space research and engineering. 


Advice on space activities 


96. Much advice on an international scale on the selection of programs, on the 
types of data that should be interchanged and placed in the world data centers, 
can be given through the organizations associated with the international scientific 
unions. Possibilities also exist in UNESCO for the exchange of personnel and for 
negotiations relating to agreements between governments on scientific matters. 

97. In support of these organizations and activities on the international scene, 
it would also be desirable to have national committees concerned with space 


activities in the individual countries; appropriate steps to encourage this should 
be taken. 


VI. Arzas or Space Activity In Wuicu INTERNATIONAL COOPERATION SHOULD 
Be STRENGTHENED 


A. CONDUCT OF SPACE SCIENCE 


98. Advances in scientific knowledge are usually made by individual specialists 
or small groups who have reached the frontiers of knowledge in quite a narrow 
field. By way of example, if one considers such a frontier as the source and nature 
of the ionization of the upper atmosphere, the number of leading research workers 
in such a field is by no means too large for the personal exchange of views at 
meetings or by correspondence. A century ago it would have been only a few 
individuals who corresponded or met occasionally for a philosophical exchange 
of ideas or results. As the numbers grew, scientific organizations became desir- 
able and since their aim was the advancement of knowledge which knows no 
national boundaries, scientific organization necessarily was cosmopolitan and 
soon became international in character. Many such organizations now exist 
and form the group of international scientific unions represented in ICSU. It 
must be emphasized that these unions matured only when the demand for them 
had grown. Thus, though their organization had been carefully worked out, the 
need was very apparent before the plan matured. 

99. Even with these organizations, actual cooperative projects are often and 
very effectively carried out between interested and enthusiastic individuals or 
groups who have studied each other’s publications, and, after meeting occasionally 
to exchange views, have decided to undertake a joint project. Where a national 
boundary exists between two such groups and an expenditure of money is involved, 
government approval or support may often be necessary. Such joint scientific 
activities, however, are by no means bilateral in the sense of excluding others. 
Their existence and nature is often known to interested colleagues elsewhere and 
the results are reported at scientific meetings. It may be expected that in the 
field of space research joint activities of this kind among specialized groups will 
continue to be an important means of advance. As long as these activities are 
carried on in an orderly and open manner, they should be fostered and supported 
since they represent the normal methods of cooperation among colleagues. 

100. It is against this background of scientific cooperation that the impact 
or space science and its possible application must be examined. It is evident 
that cooperation in space activities will require international organizations of 
several kinds, but it is necessary to determine these requirements area by area, 
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examining to what extent present organizations are adequate and establishing 
what need there may be for extensions or additions. 

101. The crucial question is thus how international cooperation in the peaceful 
uses of outer space should be fostered. For example, international cooperation 
in programs employing sounding rockets for basic research should probably be 
carried out by an organization dealing with space research under the aegis of 
ICSU or a specific international scientific union, but an active interest on the 
part of the United Nations would probably be necessary to extend such a program 
in due course from the experimental stage into common practical application. 
Such interest by the United Nations might be expressed by a recommendation 
that member states encourage their national scientific centers to expand their 
international relations in the field of space science generally. Another way 
might be to ask the Secretary General to keep the development of international 
cooperation in this specific field under review and report to the next session 
of the General Assembly on the progress made. Encouragement of this kind 
might be effected through the establishment of a special United Nations body 
charged with keeping under review the cooperative arrangements of international 
scientific organizations, specialized agencies and states, in order to be able to 
report on the development in breadth and depth of programs for the exchange 
of scientists and experts. Alternatively, this body might be advisory to the 
Secretary General in this and other matters relating to outer space, leaving to 
him to report to the General Assembly with recommendations. 

102. The General Assembly in paragraph 1(b) of resolution 1348 (XIII), asked 
for something more than a review of these areas where international cooperation 
is feasible. It referred expressly to the consideration of programes of cooperation 
in the field of outer space under the auspices of the United Nations and did not 
envisage the limitation of programs of international cooperation of nongovern- 
mental organizations. 

103. While the Committee is of the belief that the world does not yet need an 
international agency for outer space, there is an evident need for efforts of coordi- 
nation and encouragement by the United Nations in some areas by way of support 
for international cooperation in this field. 


Promotion of scientific activities in this field 


104. Where the objective is scientific, whether academic or applied, regulatory 
provision srequiring agreements among Governments are necessary only periph- 
erally to promote scientific cooperation. Most needs are cared for successfully 
by the international scientific unions. 

105. Exploration into the unknown, such as those symbolized by space probes, 
are well covered by the activities of the international scientific unions and their 
affiliated bodies. Through their services, the scientific community exchanges 
views and ideas, circulates reasonable amounts of information, or establishes 
cooperation at various levels of formality. The administration of the inter- 
national scientific unions is largely based on voluntary work by active scientists, 
supported by a minimum of professional staff. For example, the cost of the 
entire international administration of the International Geophysical Year 
for the administrative period 1952-59 is estimated at less than $250,000. 

106. The international scientific unions devote themselves to progress and 
consolidation in the advancing parts of science; they are less concerned with 
technical applications of established knowledge, or programs of broader educa- 
tion and information. Their administrative structure of periodic assemblies and 
committee meetings, and to a lesser extent of permanent, large agencies, consti- 
tutes an inherent limitation on the consideration of problems of a longer range 
as distinct from day-to-day actions. 

107. The expansion of activities into outer space was initiated during the 
International Geophysical Year and the first steps toward cooperation were part 
of that program. It must be realized, however, that activities in outer space 
now expand at such a rate and into so many fields that the international scientific 
unions must share the load of international organization in this whole field with 
a number of other and different international organizations, such as those dealing 
with engineering and telecommunications. 

108. Lrecett typical topics falling well within the scope of the international 


scientific unions can be cited; (a) to plan and coordinate general programs for 
earth satellites and space probes; (b) to stimulate research supporting space 
Science; and (c) to plan and coordinate simultaneous launchings of rockets in 
many parts of the world. The possibility of directing the attention of scientists 
from many different specialities to common problems in space exploration is a 
particularly valuable feature of the international scientific unions. 
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Development of national scientific capabilities in this field 


109. It was mentioned earlier that scientific work in outer space involves no 
new scientific disciplines in the present epoch. Space vehicles are vehicles de- 
signed purely to carry instruments or living organisms into parts of the Earth’s 
environment which could not previously be reached. Previous knowledge of 
such regions had to be deduced from indirect measurements. The present objec- 
tive is to use space vehicles to advance knowledge in the fields of physics, geo- 
physics, astronomy, chemistry, and biology related to the environment in which 
the Earth moves. A number of applications have been discussed, those nearest 
achievement being in meteorology and communications. When these have crys- 
tallized out of the research stage, a technology will develop and their application 
spread into common use. 

110. In such applications, particularly in meteorology, both sounding rockets 
and satellites may be used. The development and use of the sounding rocket by 
several countries, large and small, shows that the use of this vehicle is not limited 
to countries having the greatest technological facilities. As they are used they 
will become cheaper and available to even more countries. The need for world- 
wide coverage of atmospheric studies at altitudes between about 30 kilometers 
and 200 kilometers will make international cooperation among Many countries a 
necessity as soon as these applications have reached an appropriate phase. 

111. There can be no monopoly of the research activities that are a part of 
space science. It is perhaps useful to point out also that no country could pos- 
sibly have a monopoly on the production of scientists capable of making contri- 
butions in the specialized branches of science that are involved. These include 
atmospheric physics, ionospheric physics, aurora studies, meteor studies, many 
branches of astrophysics, and the physics, psychology, and biology of unusual 
environments. 

112. Earlier sections of this report have emphasized that the majority of the 
problems involved in these disciplines are still in the research stage; that there is 
need for work in them all over the world; and that laboratory work and theoreti- 
eal work done on the ground on a small scale at no great cost can make important 
contributions which are required in the scientific utilization of satellites and space 
probes, although it is true that the launching of these is likely to remain for some 
time to come a preserve of the countries with the greatest technical facilities. 

113. In any scientific endeavor the most effective way to learn is by experience, 
particularly in cooperation with those active in the field. Some of the countries 
active in space science offer fellowships and visiting professorships which may be 
held in government supported laboratories or universities where research in space 
is undertaken. Since no new basic science is involved, the requirements for any 
country to start research in space science are to assist its trained scientists in the 
fields of physies, geophysics, astronomy, or biology, in visiting centers of active 
space research in these fields, and to give them some facilities and time in their 
home institutions to undertake original work. 

114. It is quite possible that the opportunities for visits and exchange of per- 
sonnel are now adequate. In spreading information about opportunities for par- 
ticipation in space activities to many States not now taking part, and in the pro- 
vision of material for widespread education, UNESCO occupies a key position. 

115. Diseussions indicate that there is need for a greater and more up-to-date 
exchange of scientific information, preferably through existing channels, which, 
however, require clearing and broadening. The arrangement of symposia on cer- 
tain aspects of space science is also an important activity, to which UNESCO's 
attention might be drawn. These are projects best undertaken by organizations 
of the type of the international scientific unions which cooperate with UNESCO. 
Because the effects of space developments concern all mankind, it is essential 
that opportunities for cooperation and extensive distribution of information be 
made available to all countries, irrespective of the state of their scientific and 
economic development. j 

116. States with capabilities for launching satellites should be supported in 
including in them scientific experiments devised by other countries. The inter- 
national scientific unions could properly play an important role in this kind of 
cooperation. 3 

117. National contact with nongovernmental international scientific organiza- 
tions is normally made through academies or research councils recognized as the 
appropriate bodies to advise their governments. More efficient contact between 
scientists in different countries can be furthered through the formation of national 


committees on space science. Such bodies could build on the experience of IGY 
national committees. 
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B. APPLICATION OF THE RESULTS OF SPACE SCIENCE 


118. As discussed in paragraphs 22 to 40, foreseeable applications in the field 
of outer space include the following: meteorological satellites, communications 
seselteete television and broadcasting satellites, geodetic satellites, and navigation 
satellites. 

119. The foregoing activities will need an ever increasing degree of intergovern- 
mental agreement. 

120. Such intergovernmental scientific and technical agencies as WMO, ITU, 
and its affiliated committees, ICAO and others, are the important channels for 
international cooperation in this field. Their attention is partly directed towards 
maintaining order in the conduct of many kinds of international activities, such 
as radio communication, the enormous data exchanged between weather services 
and others; in part it is also directed toward planning and preparation when new 
techniques are maturing to the stage where they can be put into practical applica- 


tion. Their experience in these fields should be brought to bear urgently on space 
activities. 


Cc. THE OPEN AND ORDERLY CONDUCT OF SPACE ACTIVITIES 


121. From the description and analysis of the various aspects of peaceful uses 
of outer space, certain common lines emerge, and one can discern the outlines of 
a pattern, still sketchy and incomplete, but worth elaborating. 

122. In all projects there is an emphasis placed on the need for systematic and 
regular description of progress, exchange of information stage by stage, and ad- 
herence to certain agreed rules. It is necessary to improve the means for the 
distribution and assimilation of knowledge about space activities throughout the 
world, so that there can be no doubt of the orderly character of such activities, 
and so that all countries may have the opportunity to take part in them irre- 
spective of the state of their scientific and economic development. 

123. Reviewing the wealth of present projects from this angle, some typical 
examples can be quoted. 

124. A regular census of satellites which are circling the Earth must be main- 
tained. Their number will become considerable in the near future and they will 
ultimately be useful to many countries (see pars. 22—40.and 93-94). The register 
should contain data about orbits and radio transmission (see pars. 69-70); it will 
soon be useful to make periodic reviews of the position in order to agree when an 
individual satellite’s useful life is ended and on the action to be taken to terminate 
its radio transmission or to remove the satellite (see pars. 71-72). Tracking of 
space vehicles and radio recording of data depend entirely on orderly procedures 
(see pars. 59-64). 

125. International plans for the widespread use of sounding rockets to moderate 
heights have already been carried out (see par. 77). Their scope is widening 
(see pars. 15-17 and 24-30), spreading into further applications to many countries. 
Looking into the future, thought might be given to the creation of international 
launching centers for sounding rockets (see pars. 78-79). 

126. Reentry and recovery of space vehicles returning to the Earth are tech- 
niques in the course of perfection and calling for cooperation (see pars. 73-75). 
Such reentry may also involve the execution of international agreements, based 
on legal considerations, about procedures for dealing with information relating to 
the territories of many countries and of common benefit (see pars. 39-40). 

127. Channels of information must be maintained and broadened to serve 
scientists already working on problems of outer space (see pars. 80-85, 89, and 
104-108) to hring in new groups of scientists and students (see pars. 92 and 109- 
117) and to inform the general public reliably and effectively. 

128. This set of examples, which is not exhaustive, shows that a principle of 
open and orderly conduct lies at the root of international cooperation directed 
toward the peaceful use of outer space. Adherence to this principle would further 
the progress of space science and technology, both in the narrow sense as activities 
in themselves, and in their relation to human progress. Such experience is not 
new, hut is common to cooperation in any branch of science; as one example, it 
guided the success of the recent International Geophysical Year. 

129. Another feature is also apparent. Space activities have wide implications, 
spreading beyond pure science into technical applications, international coopera- 
tion, and effects on the world at large. These implications involve many inter- 
national organizations covering a wide range of interests, such as scientific societies , 
government organizations, international news services, etc. 
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130. This wide dispersion calls for a rallying point related to the United Nations, 
small in size and well informed. There exists already a variety of organizations 
to carry heavy loads of work in different areas of space activity, but there is a need 
for a center, to which inquiries can be directed at any time, and by which infor- 
mation can be communicated effectively to the appropriate body in much the 
same way as ICSU meets a similar need for the existing international scientific 
unions. 

131. Such a small central body, with expert technical knowledge, would have 
to act in intimate contact with existing technical agencies and international 
organizations. Starting modestly, its work would be directed to assisting and 
correlating the many efforts toward open and orderly conduct of space activities, 
As a corollary, it would naturally serve as a means for current summary of the 
position in this rapidly expanding field. Thereby it would provide a most useful, 


continuing service for any panel of experts which from time to time might meet 
for more extensive reviews. 


VII. GENERAL CONCLUSIONS 


132. As the first technical area in which immediate international action is 
required, the Committee calls attention to the conclusion regarding allocation of 
radio frequencies for space activities. 

133. On the basis of the specific conclusions reached in previous sections of this 
report _ listed in paragraphs 13 and 14, the following general conclusions have 
emerged: 

(1) There is a need for a suitable center related to the United Nations that can 
act as a focal point for international cooperation in the peaceful uses of outer space. 

(2) Progress, plans and needs in connection with the peaceful uses of outer 
space should be reviewed again by the United Nations in about 1 year. 


PART III. PARAGRAPH 1(d) OF GENERAL ASSEMBLY RESOLUTION 
1348 (XIID 


I. INTRODUCTION 
A. MANDATE OF THE COMMITTEE 


1. The task of the Ad Hoc Committee on the Peaceful Uses of Outer Space 
under paragraph 1(d) of General Assembly resolution 1348 (XIII) is to report on: 
‘The nature of legal problems which may arise in the carrying out of programs 
to ee outer space.” 

2. The scope of the mandate thus given the Committee was the subject of 
discussion. It was recognized that the terms of reference of the Committee 
referred exclusively to the peaceful uses of outer space. One view expressed was 
that the task of the Committee related only to the identification and listing of 
legal problems which might arise in the carrying out of programs to explore outer 
space and that the Committee was not called upon to formulate either general or 

articular solutions of those problems. Another view was that the Committee, 
in identifying and listing the problems, should give some indication of the signif- 
icance and implications of each problem and the priority which might be given 
to its solution. Others stressed the importance of giving attention to certain 
relevant general principles, such as those contained in the preamble and operative 
paragraph 1(b) of resolution 1348 (XIII). It was also pointed out that, while 
paragraph 1(d) of resolution 1348 (XIII) referred only to problems which might 
arise in the exploration of outer space, it was not always possible in relation to 
certain activities to differentiate between exploration and exploitation of outer 
space and that both the exploration and the exploitation of outer space were 
expressly mentioned in the preamble to the resolution. 

3. The Committee recognized that it would be impossible at this stage to 
identify and define, exhaustively, all the juridical problems which might arise in 
the exploration of outer space. Recognizing the multiplicity of these juridical 
problems, the Committee considered that it could most usefully fulfil its mandate 
from the General Assembly, in view of the complex character of these problems, 
by: (1) selecting and defining problems that have arisen, or are likely to arise in 
the near future, in the carrying out of space programs; (2) dividing the problems 
into two groups, those which may be amenable to early treatment and those 
which do not yet appear to be ripe for solution; and (3) indicating, without 
definite recommendation, various means by which answers to such problems might 
be pursued. The identification of legal problems entails, of necessity, some 
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consideration of possible pune to their solution, particularly with a view to 
presenting the best informed comment that can be made on the matter of priorities. 


B. GENERAL OBSERVATIONS 


4. The Committee considered the relevance to space activities of theprovisions 
of the United Nations Charter and of the Statute of the International Court of 
Justice, which synthesized the idea of cooperation between men and the joint 
achievement of great projects for the benefit of all mankind; it observed that 
as a matter of principle those instruments were not limited in their operation 
to the confines of the earth. It considered as a worthy standard for international 
cooperation and programs in the peaceful uses of outer space which could appro- 

riately be undertaken under United Nations auspices, to the benefit of States 
irrespective of the state of their economic or scientific development, the principles 
set forth in the operative paragraph 1(b) and the preamble of resolution 1348 
(XIII), in which the General Assembly called attention to article 2, paragraph 1, 
of the Charter which states that the Organization is based on the principle of the 
sovereign equality of all its members, recognized the common interest of mankind 
in outer space and the common aim that it should be used for peaceful purposes 
only, and expressed the desire of promoting energetically the fullest exploration 
and exploitation of outer space for the benefit of mankind. 

5. It was unanimously recognized that the principles and procedures developed 
in the past to govern the use of such areas as the airspace and the sea deserved 
attentive study for possibly fruitful analogies that might be adaptable to the 
treatment of legal problems arising out of the exploration and use of outer space. 
On the other hand, it was acknowledged that outer space activities were distin- 
guished by many specific factual cotslitions, not all of which were now known, 
that would render many of its legal problems unique. 

6. The Committee agreed that some of the legal problems of outer space ac- 
tivities were more urgent and more nearly ripe for positive international agreement 
than others. It was felt that the progress of activities in outer space and of 
advances in science and technology would continually pose new problems relevant 
to the international legal order and modify both the character and the relative 
importance of existing problems. For example, future arrangements among 
governments or private groups of scientists for cooperation in space research or 
dissemination of space data may entail legal problems ranging from administrative 
or procedural arrangements to regulation or control. The Committee noted the 
indispensable usefulness of close and continuous cooperation between jurists and 
scientists to take these and other developments into account. 

7. The Committee considered that a comprehensive code was not practicable 
or desirable at the present stage of knowledge and development. spite the 
progress already made, it was emphasized that relatively little is so far known 
about the actual and prospective uses of outer space in all their possible varieties 
of technical significance, political context, and economic utility. It was pointed 
out that the rule of law is neither dependent upon, nor assured by, comprehensive 
codification and that premature codification might prejudice subsequent efforts 
to develop the law based on a more complete understanding of the practical prob- 
lems involved. Although an attempt at comprehensive codification of space 
law was thought to be premature, the Committee also recognized the need both 
to take timely, constructive action and to make the law of space responsive to 
the facts of space. 

8. For these reasons it was agreed that the rough grouping of legal problems 
according to the priority hereafter suggested should itself be kept under regular 
review by whatever means the General Assembly should deem fitting. 


II. Lecat Prospiems SuscepTrsie or Priortry TREATMENT 
A, QUESTION OF FREEDOM OF OUTER SPACE FOR EXPLORATION AND USE 


9. During the International Geophysical Year 1957-58 and subsequently, 
countries throughout the world proceeded on the premise of the permissibility of 
the launching and flight of the space vehicles which were launched, regardless of 
what territory they passed “‘over’’ during the course of their flight through outer 
space. The Committee, bearing in mind that its terms of reference refer exclu- 
sively to the peaceful uses of outer space, believes that, with this practice, there 
may have been initiated the recognition or establishment of a generally accepted 
Tule to the effect that, in principle, outer space is, on conditions of quality, freely 
available for exploration and use by all in accordance with existing or future 
international law or agreements. 
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B. LIABILITY FOR INJURY OR DAMAGE CAUSED BY SPACE VEHICLES 


10. Since injury or damage might result from the launching, flight and return 
to earth of various kinds of space vehicles or parts thereof, a number of problems 
exist with respect to defining and delimiting liability of the launching state and 
other states associated with it in the space activity causing injury or damage. 
First of all there is the question of the type of interest protected: that is, the kind 
of injury for which recovery may be had. Second, there is the question of the 
type of conduct giving rise to liability: should liability be without regard to fault 
for some or all activities, or should it be based upon fault? Third, should a differ- 
ent principle govern, depending on whether the place of injury is on the surface 
of the earth, in the airspace or in outer space? Fourth, should liability of the 
launching state be unlimited in amount? Finally, where more than one state 
participates in a particular activity, is the liability joint or several? 

11. What machinery should be utilized for determining liability and ensuring 
the payment of compensation if due? The Committee considered that early 
consideration should be given to agreement on submission to the compulsory 
jurisdiction of the International Court of Justice in disputes between states as 
to the liability of states for injury or damage caused by space vehicles. 

12. When it considered the foregoing questions, the Committee noted that, 
insofar as concerns liability for surface damage caused by aircraft, there was 
formulated at Rome in 1952, under the aegis of ICAO, the Convention on Damage 
Caused by Foreign Aircraft to Third Parties on the Surface. In the opinion of 
the Committee, that Convention and ICAO experience in relation thereto could 
be taken into account, inter alia, in any study that might be carried out in the 
future coneerning liability for injury or damage caused by space vehicles. It 
was pointed out, however, that no international standards regarding safety and 
precautionary measures governing the launching and control of space vehicles 


had yet been formulated, and this fact also could ee taken into account in studying 
analogies based on existing conventions. 


Cc. ALLOCATION OF RADIO FREQUENCIES 


13. It was recognized that there are stringent technical limits on the avail- 
ability of radio frequencies for communications. The development of space 
vehicles will pose new and increasing demands on the radio spectrum. It was 
emphasized that rational allocation of frequencies for communications with and 
among space vehicles would be imperative. In this way, what might otherwise 
come to constitute paralyzing interference among radio transmissions could be 
avoided. 

14. Attention was drawn to the fact that there is already in existence and 
operation an international organization suited to the consideration of problems 
of radio frequency allocation for outer space uses, namely, ITU. A technical 
committee of this organization has already issued a recommendation and a report 
which bear the following titles: ‘‘Selection of Frequencies Used in Telecommuni- 
cation with and between Artificial Earth Satellites and other Space Vehicles” and 
“Factors Affecting the Selection of Frequencies for Telecommunication with and 
between Space Vehicles.’’ The findings contained in these two documents will 
be presented to the Administrative Radio Conference of ITU which will open in 
Geneva on August 17, 1959. 

15. Attention should also be given to the desirability of terminating transmis- 
sions from space vehicles once these transmissions have outlived their usefulness. 
Such a measure would help conserve and make optimum use of the frequencies 
which are assigned for outer space communications. In considering this problem, 
it would be necessary to balance this factor against the interest in conserving & 
means for continuous identification of space vehicles. 


D. AVOIDANCE OF INTERFERENCE BETWEEN SPACE VEHICLES AND AIRCRAFT 


16. As the launchings of space vehicles become more numerous and widespread 
throughout the world, practical problems will clearly arise in regard to the preven- 
tion of physical interference between space vehicles, particularly rockets, and 
conventional aircraft. The latter are already employed in great numbers across 
the earth and in many areas air traffic is already congested. It was considered 
that governments could give early attention to the problem of interference between 
aircraft and space vehicles and that technical studies could usefully be undertaken, 
if necessary with the assistance of competent specialized agencies. 
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E. IDENTIFICATION AND REGISTRATION OF SPACE VEHICLES AND COORDINATION 
OF LAUNCHINGS 




















17. It is expected that the number of space vehicles will progressively increase. 
In the course of time, their numbers may become very large. This indicates the 
necessity of providing suitable means for identifying individual space vehicles, 
Such identification of space vehicles could be obtained by agreement on an allo- 
cation of individual call signs to these vehicles; the call signs could be emitted at 
stipulated regular intervals, at least until identification by other means had been 
established. Another means of identification is by orbital or transit character- 
istics of space vehicles. 

18. As part of the problem of identification, there arises the question of placing 
suitable markings on space vehicles so that, particularly in the event of their 
return to earth, they may be readily identified. 

19. Identification would be facilitated by a system of registration of the launch- 
ings of space vehicles, their call signs, markings and current robital and transit 
characteristics. Registration would also serve a number of other useful purposes, 
For one example, one serious problem is the potential overloading of tracking 
facilities. Registration of launchings would help to avoid this. Registration 
might also afford a convenient means for the notification of launchings to other 
states, thus enabling them to make appropriate distinctions between the space 
vehicles so notified and other objects, and to take appropriate measures to protect 
their interests if necessary. 

20. A further measure, beyond registration, would be agreement on the coordina- 
tion of launchings. 





F. REENTRY AND LANDING OF SPACE VEHICLES 





















21. Problems of reentry and landing of space vehicles will exist both with 
respect to unmanned space vehicles and later with respect to manned vehicles of 
exploration. Where space vehicles are designed for reentry and return, it will 
be appropriate for the launching state to enter into suitable arrangements with 
the state on whose territory the space vehicle is intended to land and other states 
whose airspace may be entered during descent. Recognizing, moreover, that such 
landings may occur through accident, mistake or distress, members of the Com- 
mittee called attention to the desirability of the conclusion of multilateral agree- 
ments concerning reentry and landing, such agreements to contain suitable under- 
takings on cooperation and appropriate provisions on procedures. Among the 
subjects that might be covered by such agreements would be the return to the 
launching state of the vehicle itself and—in the case of a manned vehicle—pro- 
vision for the speedy return of personnel. 

22. It was also considered that certain substantive rules of international law 
already exist concerning rights and duties with respect to aircraft and airmen 
landing on foreign territory through accident, mistake or distress. The opinion 
was expressed that such rules might be applied in the event of similar landings of 
space vehicles. 

III. OTHER PROBLEMS 







A. QUESTION 





OF DETERMINING WHERE OUTER SPACE BEGINS 
















23. Under the terms of existing international conventions and customary inter- 
national law, States have complete and exelusive sovereignty in the airspace 
above their territories and territorial waters. The concurrent existence of a 
region in space which is not subject to the same regime raises such questions as 
where airspace ends and where outer space begins. It was noted that these limits 
do not necessarily coincide. While they have been much discussed in scholarly 
ate there is no consensus among publicists concerning the location of these 
imits. 

24. A view was expressed that it might eventually prove essential to determine 
these limits. The Committee reviewed a number of possibilities in this connec- 
tion, including those based upon the physical characteristics of air and of aircraft. 
The difficulties involved were agreed to be great. An authoritative answer to 
the problem at this time would require an international agreement, and the 
opinion was expressed that such an agreement now, based on current knowledge 
and experience, would be premature. It was considered that, in the absence of 
an express agreement, further experience might lead to the acceptance of precise 
limits through a rule of customary law. 
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25. In the absence of a precise demarcation, another possible approach would 
be to set tentatively, on the basis of present experience and knowledge, a range 
within which the limits of air space and outer space would be assumed to lie. 
It was suggested that an approach of this kind should avoid a boundary so low 
as to interfere with existing aviation regimes or so high as unreasonably to fetter 
activities connected with the use and exploration of outer space. 

26. There was also discussion as to whether or not further experience might 
suggest a different approach, namely, the desirability of basing the legal regime 
governing outer space activities primarily on the nature and type of particular 
space activities. 

27. One development might be the conclusion of intergovernmental agreements 
as necessary, to govern activities sufficiently close to the earth’s surface and 
bearing such a special relationship to particular states as to call for their consent. 
Each such agreement could contain appropriate provisions as to the permissibility 
of a given activity by reference not only to altitude and “vertical’’ position but 
also to trajectory, flight mission, known or referred instrumentation, and other 
functional characteristics of the vehicle or object in question. 

28. It was generally believed that the determination of precise limits for air 
space and outer space did not present a legal problem calling for priority con- 
sideration at this moment. The Committee noted that the solution of the prob- 
lems which it had identified as susceptible of priority treatment was not dependent 
upon the establishment of such limits. 


B. PROTECTION OF PUBLIC HEALTH AND SAFETY: SAFEGUARDS AGAINST CONTAMI- 
NATION OF OUTER SPACE OR FROM OUTER SPACE 


29. The Committee took note of the apprehensions that have been expressed 
that activities in outer space might bring to those regions, by inadvertence, living 
or other matter from the Earth capable of interfering with orderly scientific re- 
search. It was agreed that further study should be encouraged under appropriate 
auspices to specify the types of risks, the gravity of dangers, and the technical 
possibility, as well as the cost, of preventive measures. Such study should also 
cover safeguards against similar contamination of the Earth as a result of space 
activities as well as protection against other hazards to health and safety that 
might be created by the carrying out of programs to explore outer space. These 


studies could be undertaken with a view to the possible formulation of appropriate 
international standards. 


C. QUESTIONS RELATING TO EXPLORATION OF CELESTIAL BODIES 


30. The Committee was of the view that serious problems could arise if States 
claimed, on one ground or another, exclusive rights over all or part of a celestial 
body. One suggestion was that celestial bodies are incapable of appropriation 
to national sovereignty. Another suggestion was that the exploration and ex- 
ploitation of celestial bodies should be carried out exclusively for the benefit of 
all mankind. It was also suggested that some form of international administra- 
tion over celestial bodies might be adopted. 

31. The Committee noted that, while scientific programs envisaged relatively 
early exploration of celestis1 bodies, human settlement and extensive exploitation 
of resources were not likely in the near future. For this reason the Committee 
believed that problems relating to the settlement and exploitation of celestial 
bodies did not require priority treatment. 


D. AVOIDANCE OF INTERFERENCE AMONG SPACE VEHICLES 


32. It was agreed that, apart from problems of communications and overload- 
ing of tracking facilities, there was for the present little danger of interference of 
space vehicles with each other. It was pointed out that this situation might 
change in time, particularly if vehicles in space are used extensively for either 
global or interplanetary travel. There was discussion about the possible rele- 
vance to space travel of rules and experience developed in relation to air traffic. 
It was decided that more scientific information would be needed before rules 
could be drafted. . 


E. ADDITIONAL QUESTIONS RAISING LEGAL PROBLEMS 


33. The Committee recognized that various other technical developments 
would probably call for legal arrangements and regulation. Particular reference 
was made in this connection to meteorological activities in outer space which may 
require international measures to insure maximum effectiveness. 
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PART IV. PARAGRAPH 1(c) OF GENERAL ASSEMBLY RESOLUTION 
1348 (XIII) 


I. MANDATE OF THE Com™mITTEE UNDER PARAGRAPH l(c) or RESOLUTION 
1348 (XIII) 


1. The task of the Ad Hoc Committee on the Peaceful Uses of Outer Space 
under paragraph 1(c) of General Assembly resolution 1348 (XIII) is to report on: 
“The, future organizational arrangements to facilitate international cooperation 
in this field within the framework of the United Nations.” 

2. The Ad Hoe Committee felt that its report under this paragraph should 
briefly survey the types of organizational arrangements which were possible 
within the framework of the United Nations, and relate these to studies made by 
the Committee in connection with paragraphs 1(a), 1(b) and 1(d) of resolution 
1348 (XIII). In performing this task the Committee was cognizant of the fact 
that these studies pointed to the need for continued study and review in this 
rapidly advancing field. 


II. ORGANIZATIONAL PossIBILITIES 


3. There are a number of possible organizational arrangements within the 
framework of the United Nations. 


A. UNITED 





NATIONS AGENCIES 


4. The most elaborate and comprehensive organizational arrangement for facil- 
itating international cooperation is the creation of a specialized agency. A spe- 
cialized agency is an autonomous intergovernmental organization whose constitu- 
tion is the product of international convention appropriately ratified by member 
states. The entity thus created is brought into relationship with the United 
Nations, under articles 57 and 63 of the charter, through an agreement negotiated 
between the Economic and Social Council and the agency which is approved by 
the General Assembly. Such an organization reports annually on its activities 
to the Economic and Social Council. 

5. Specialized agencies are contemplated by the charter and are accorded certain 
privileges; they may, for example, be given the right by the General Assembly to 
refer questions to the International Court of Justice, and they automatically 
become members of inter-Secretariat bodies such as the Joint Pension Fund and 
the Administrative Committee on Coordination. They maintain, however, their 
status as autonomous intergovernmental organizations, and they have responsi- 
bility for such activities as budgetary arrangements, staff rules and regulations, 
and rules of procedure. 

6. Examples of specialized agencies now in existence which have some interest 
in outer space are UNESCO, ITU, WHO, WMO, and ICAO. Those, as well as 
other agencies not so clearly interested in space activities, differ widely one from 
another in character of functions and in relationship to the United Nations. 

7. The scope and nature of the functions of these agencies suggest the possibility 
of a comparable United Nations agency to deal with space activities. However, 
the tasks recommended in accompanying sections of this report would not appear 
to require the present establishment of a United Nations agency, with a profes- 
sional staff, to coordinate and supplement other efforts, public and private, in 
international space cooperation. 


B. SEMIAUTONOMOUS BODIES WITHIN THE UNITED NATIONS 


8. The General Assembly may, by resolution, establish semiautonomous operat- 
ing bodies within the United Nations with mandates or terms of reference estab- 
lished by the General Assembly. The chief executive officer of such a body has 
broad authority under his mandate but is administratively responsible to the 
Secretary General. Three such bodies, with somewhat differing structure, are in 
existence: the Office of the United Nations High Commissioner for Refugees, the 
United Nations Children’s Fund (UNICEF), and the United Nations Relief and 
Works Agency for Palestine Refugees in the Near East (UNRWA). 

9. In the case of UNICEF, the Director was appointed by the Secretary General 
for an indefinite term, without reference to or approval of the General Assembly 
or the Economic and Social Council. His salary and those of his staff are paid for 
out of the UNICEF budget, which is based on voluntary contributions of member 
states. For administrative purposes, however, the staff generally operates as any 
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other office of the United Nations Secretariat. The Executive Board of UNICEF 
is elected by the Economic and Social Council for definite terms. 

10. In the case of the Office of the United Nations High Commissioner for 
Refugees, the High Commissioner is appointed by the Secretary General, with the 
approval of the General Assembly, for a limited term. The Director of UNRWA 
is appointed by the Secretary then in consultation with an Advisory Com- 
mission but without reference to or approval of the General Assembly or the 
Economic and Social Council. In each case, there is an executive committee or 
advisory group. Financial arrangements also vary somewhat, the program of the 
High Commissioner being financed partly from the regular United Nations budget 
and partly from voluntary contributions, whereas the UNRWA and UN ICEF 
programs are financed entirely by voluntary contributions. 

11. If, at some future time, it was believed that an international agency with 
a small professional staff would be a useful addition to other cooperative efforts 
in space, a semiautonomous body within the United Nations might be.appropriate. 


C, PERFORMANCE OF FUNCTIONS BY EXISTING SPECIALIZED AGENCIES 


12. As is apparent from other parts of the report of this Committee, existing 
United Nations specialized agencies can perform various useful functions with 
regard to space activities. Thus, UNESCO, ITU, ICAO, WMO and WHO can 
all play a role in carrying out technical studies. It does not, however, seem that 
any of these agencies should be asked to undertake overall responsibility for future 
arrangements to facilitate international cooperation .in the field of outer space 
activities, although each can undoubtedly continue to play an important part 
within the area of its special competence and interest. Their functional interests 
should of course be welcomed and encouraged. 


D. OTHER ARRANGEMENTS WITHIN THE UNITED NATIONS 


13. The General Assembly may, by resolution, establish a permanent Come 
mittee, outline the work to be accomplished, and authorize thd Secretary General 
to employ appropriate personnel. his was done in the case of the Scientific 
Committee on the Effects of Atomic Radiation and in the case of the Secretary 
General’s Advisory Committee on the peaceful uses of atomic energy. In the 
case of the former, the Committee itself is responsible for reporting to the General 
Assembly. In the case of the latter, the General Assembly resolution places this 
responsibility on the Secretary General. Personnel of the United Nations 
supporting these two committees are members of the United Nations Secretariat 
and covered by all of its administrative orders. The activities and any outside 
assistance of experts is covered by the regular United Nations budget. 

14. Another possibility would be for the General Assembly to ask the Secretary 
General to establish a small technical unit within the Secretariat to carry out 
certain limited functions. Arrangements could also be made for the establish- 
ment of an expert advisory committee composed of representatives of interested 
specialized agencies and key scientists to assist the Secretary General in the 
execution of any functions that might be assigned to the Secretariat. 


III. ConcLusions 


15. The Ad Hoe Committee has felt that its report under paragraph 1(c) should 
briefly survey the types of long-term organizational arrangements which are 
possible within the framework of the United Nations, and relate these to the 
reports made in connection with paragraphs 1(a), 1(b) and 1(d) of resolution 
1348 (XIII). The findings in the reports on the reports on those paragraphs 
underline the importance already attached by the General hina to the 
common interest of mankind in outer space. While its studies fortify the belief 
expressed in General Assembly resolution 1348 (XIII), which stressed the need for 
vigour in the development of programs of international cooperation in the peaceful 
uses of outer space, the Committee recognizes that continued study and review of 
the problem is necessary. Accordingly, the Committee has limited its conclusions 
to the steps toward such development to be taken at the present stage without 
taking a position on the longer range measures. : 

16. The Committee believes that it would not be appropriate at the present 
time to establish any autonomous intergovernmental organization for international 
cooperation in the field of outer space. Likewise, the Committee considers that 
it would not be suitable to ask any existing autonomous intergovernmental 
organization to undertake overall responsibility in the outer space field. 
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17. The sections of this report dealing with legal and scientific aspects of the 
question of the peaceful uses of outer space suggest certain general functions 
and tasks that might appropriately be undertaken within the framework of the 
United Nations at the present time, These include: 

(a) To provide a focal point for facilitating international cooperation 
with respect to outer space activities undertaken by governments, specialized 
agencies and international scientific organizations; 

(b) To study practical and feasible measures for facilitating international 
cooperation, including those indicated by the Ad Hoc Committee in its 
report under paragraph 1(b) of the resolution; 

(c) To consider means, as appropriate, for studying and resolving legal 
problems which may arise in the carrying out of programs for the exploration 
of outer space; 

To review, as appropriate, the subject matter entrusted by the 
General Assembly to the Ad Hoc Committee in resolution 1348 ( XIII). 

18, The Committee believes that, for the most part, the questions involved 
under (6), (c) and (d) above may be such as to require consideration at the gov- 
ernmental level. The General Assembly, if it agrees with this conclusion, may 
wish to consider the establishment of an Assembly committee, com of 
representatives of member states and having such memberships as the mbly 
may decide, to perform these functions, to report to the General Assembly and 
to make recommendations as appropriate. 

19, The Committee considers that the functions suggested in paragraph 17(a) 
above, which primarily is intended to implement the conclusion of the Technical 
Committee that “there is a need for a suitable center related to the United 
Nations that can act as a focal point for international cooperation in the peaceful 
uses of outer space,” are of a different character. These are functions of the 
type frequently entrusted to an international secretariat. The General Assembly 
may therefore wish to consider among other possibilities that of requesting the 
Secretary General to organize a small expert unit within the Secretariat for this 
purpose. Because the precise character of such a Secretariat unit can be de- 
veloped only in the light of experience and after consultation with the various 
bodies involved, it may be desirable to provide a means whereby the Secretary 
eee cee avail himself of the advice and assistance of those directly concerned 
n this field, 

20, Consideration ht therefore be given to provision for a small advisory 
committee, advisory to the Secretary General, which could include representatives 
of the appropriate specialized agencies, scientists designated by international 
scientific organizations, and representatives of member states, as necessary. 

21. It would be possible for the General Assembly to adopt some or all of the 
“nse described in paragraphs 18, 19, and 20, in any combination it deems 
appropriate. 

BD. The Committee believes that it would be appropriate for existing special- 
ized agencies to continue to pursue lines of endeavor within their competence in 
regard to outer space activities. The Committee believes that the General 
Assembly might ask these agencies to include in their reports to the United 
Nations information on their activities in connection with outer space. 


51548 O—60-——-10 
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AppEenpIx B 


MEMBERS OF U.S. DELEGATION TO ADMINISTRATIVE RADIO 
CONFERENCE, GENEVA, 1959 


August 7, 1959, No. 581 


The Administrative Radio Conference of the International Telecommunica- 
tion Union (ITU) is scheduled to convene at Geneva Aug 17, 1959. In choosing 
the delegation the Department has taken into consideration the keen interest of 
the American telecommunications industry in the Conference. The U.S. dele- 
gation is as follows (the names of other members of the delegation will be released 
at a later date): 

Chairman: T. A. M. Craven, Commissioner, Federal Communications Com- 
mission. 
Vice Chairman: Arthur L. Lebel, Telecommunications Division, Department of 

State. 

Delegates: 

Edward W. Allen, Jr., Chief Engineer, Federal Communications Com- 
mission. 

Allen’ Barnabei, Communications Liaison Officer, Federal Aviation Agency. 

William F. Bradley, Office of Chief Engineer, Federal Communications 
Commission. 

Arthur J. Costigan, Consultant, Office of the Director for Telecommunica- 
tions, Office of Civil and Defense Mobilization. 

Elmer R. Daniels, Jr., major, U.S. Marine Corps, Frequency Allocation 
Section, Department of the Navy. 

John C. Fuechsel, lieutenant, U.S. Coast Guard, Office of Operations, U.S. 
Coast Guard, Department of the Treasury. 

Garrett Van A. Graves, captain, U.S. Coast Guard, Special Assistant to 
Commandant for Communications, U.S. Coast Guard, Department of 
the Treasury. 

Lyman G. Hailey, Office of the Attorney General, Department of Justice. 

fee ew B. Hawthorne, Assistant for Frequency Planning, Federal Aviation 

gency. 

George W. Haydon, electronic scientist, Radio Communication and Systems 
Division, National Bureau of Standards, Department of Commerce. 

Earl V. Holliman, lieutenant colonel, U.S. Army, Chief, Army Radio Fre- 
quency Engineering Office, Department of the Army. 

George Jacobs, Chief, Central Frequency Division, International Broad- 
casting Service, U.S. Information Agency. 

Robert M. Koteen, attorney, Office of General Counsel, Federal Communi- 
cations Commission. 

Carl W. Loeber, Deputy Chief, Frequency Allocation Group, Department 
of the Air Force. 

— T. Martin, Voice of America engineering manager, U.S. Information 

gency. 

James B. McElroy, Staff Assistant for Communications, Office of Space 
Flight Operations, National Aeronautics and Space Administration. 

Albert L. McIntosh, Army frequency manager, Department of the Army. 

Paul D. Miles, Executive Secretary, Interdepartment Radio Advisory 
Committee, Office of Civil and Defense Mobilization. 

Donald Mitchell, Jr., Aviation Division, Federal Communications Com- 
mission. 

Ann A. Mooney, attorney adviser, Rules and Standards Division, Broadcast 
Bureau, Federal Communications Commission. 

Saul M. Myers, Office of Chief Engineer, Federal Communications Com- 
missioner. 

James E. Ogle, Major, U.S. Air Force, Frequency Allocation Group, De- 
partment of the Air Force. 

Marshall 8. Orr, Assistant Chief, Safety and Special Radio Services Bureau, 
Federal Communications Commission. 

Charles H. Owsley, American consulate general, Geneva, Switzerland. 

Leonard R. Raish, commander, U.S. Navy, Head, Frequency Allocation 
Section, Department of the Navy. 

F. Wayne Rhine, Deputy Chief, Technical Division, Broadcasting Service, 
U.S. Information Agency. 





RADIO FREQUENCY CONTROL 139 


John A. Russ, Chief, Service and Facilities Branch, International Division, 
Federal Communications Commission. 

William H. Watkins, engineering assistant to Commissioner Craven, Federal 
Communications Commission. 

sers: 

Robert T. Brown, Radio Technical Commission for Marine Services, Federal 
Communications Commission. 

Arthur Lyle Budlong, general manager, American Radio Relay League, 
West Hartford, Conn. 

Thurlow A. Chandler, frequency supervisor, American Telephone & Tele- 
graph Co., New York, N.Y. 

Douglas D. Donald, radio engineer, American Telephone & Telegraph Co., 
New York, N.Y. 

Ronald G. Egan, European director of international communications, Western 
Union Telegraph Co., London, England. 

Andrew G. Haley, communications attorney, Washington, D.C. 

Cyril M. Jansky, Jr., Jansky & Bailey, Inc., Washington, D.C. 

Joseph Mordecai Kittner, McKenna & Wilkinson, Washington, D.C. 

Donald H. MeGannon, president, Westinghouse Broadcasting Co., New York, 


N.Y. 
Thomas D. Meloa, vice president, Radio Corp. of America, Rome, Italy. 
Henry B. Owen, King Broadcasting Co., Seattle, Wash. 
James D. Parker, director, radio engineering, Columbia Broadcasting System, 
New York, N.Y 


Buen H. Price, vice president, Mackay Radio & Telegraph Co., New York, 


Thomas I, Rogers, radio frequency engineer, American Telephone & Tele- 
graph Co., New York, N.Y 

Francis M. Ryan, radio engineer, American Telephone & Telegraph Co., 
New York, N.Y. 

Philip F. Siling, director, RCA Frequency Bureau, Radio Corp. of America, 
New York, RY. 

Leroy F. Spangenberg, vice president, Mackay Radio & Telegraph Co., 
New York, N.Y. 

A. Prose Walker, ones of engineering, National Association of Broad- 
casters, Washington, D.C. 

Walter E. Weaver, manager, frequency engineering, Aeronautical Radio, Inc., 
Washington, D.C. 

Consultants: 

Frederick W. Brown, Ph. D., Director, Boulder Laboratories, National 
Bureau of Standards, Department of Commerce, Boulder, Colo. 

Jack 8. Dorsey, rear admiral, U.S. Navy, Deputy Director of Communica- 
tions-Electronies, Joint Chiefs of Staff, Department of Defense. 

James Dreyfus, major general, U.S. Army, Director for Communications- 
Electronics, Joint Chiefs of Staff, Department of Defense. 

James D. Flashman, colonel, U.S. Air Force, Chief, Frequency Allocation 
Group, Department of the Air Force. 

Benito Gaguine, Fly, Shuebruk, Blume & Gaguine, Washington, D.C. 

Harold W. Grant, major general, U.S. Air Force, Director, Communications- 
Electronics, Department of the Air Force. 

Wayne Sanger Green II, editor, -e Magazine, New York, N.Y. 

James E. Hacke, General Electric Co., Santa Barbara, Calif. 

—— Hatton, Director for Telecommunications Policy, Department of 

efense. 

Leo J. Huntoon, assistant general manager, American Radio Relay League, 
West Hartford, ‘Conn. 

Carl E. Jeffries, Douglas Aircraft Co., Santa Monica, Calif. 

Bernard Koteen, Koteen & Burt, Washington, D.C. 

henaoen H. Marks, counsel, World Wide Broadcasting System, Washington, 

Charles John MeNeill, Hughes Aircraft Co., Los Angeles, Calif. 

ee T. Nelson, major general, U.S. Army, Chief Signal Officer, Department 
of the Army. 

Thomas E. Nelson, telecommunications attaché, American Embassy, Bonn, 
Germany. 


Walter J. Payne, major, U.S. Air Force, NATO Radio Communications, 
London, England. 
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Dunean D. Peters, Electronic Engineer, Marine Division, Federal Com- 
munications Commission. 

Clinton A. Petry, Director, Technical Services, Aeronautical Radio, Inc., 
Washington, D.C. 

J. Roy Richardson, Department of State. 

Lawrence C. Sheetz, colonel, U.S. Air Force, Chief, Policy Group, Directorate 
Communications-Electronies, Department of the Air Force. 

Arnold G. Skrivseth, Office of Chief Engineer, Federal Communications 
Commission. 

Joe L. Stewart, radio engineer, U.S. Coast Guard. 

Everett. M. Strong, Cornell University, Ithaca, N.Y. 

Frank Virden, rear admiral, U.S. Navy, Assistant Chief of Naval Operations 
(Communications), Department of the Navy 

Irving L. Weston, Chief, Monitoring Division, Field Engineering and Monitor- 
ing Bureau, Federal Communications Commission. 

Nathaniel White, Office of the Chief Signal Officer, Department of the Army, 

Julia G. Whiteley, Department of State. 

Secretary of Delegation: 
Eugene R. Schelp, Office of International Conferences, Department of State. 


AppENpIx C 


U.S. POSITION PAPER ON RADIO ASTRONOMY SERVICE 
A ResoLtuTion REGARDING THE Rapio AsTRONOMY SERVICE ! 


1. The significance of the radio astronomy service has long been appreciated 
in the United States, the country of its inception. The peculiar needs of this 
service for the reception of extremely low levels of electromagnetic radiation of 
extraterrestrial origin in certain rtions of the radio spectrum and hence a 
requirement for freedom from radiations of manmade origin in the same areas 
has also been recognized. 

2. In order to determine the specific requirements of this service, scientific 
interests both in Government and civil pursuits within the United States were 
canvassed. Public hearings on radio frequency allocation matters were held, to 
which scientific organizations and foundations were invited to send representa- 
tives or submit technical data. The radio astronomy proponents thus were given 
an opportunity to compete with other interests seeking spectrum space for their 
services. Through this medium the responsible Government agencies were in 
a position to assay, in the public interest, the stated requirements of the radio 
astronomy service in the light of the requirements of other existing and rapidly 
expanding radio services. 

3. The U.S.A., because of its very strong interest in radio astronomy, con- 
cluded after its investigation that the radio astronomy service within the United 
States could best be protected adequately on a national basis. In addition in 
U.S.A. proposal 3376 it was urged that observations of the hydrogen line be pro- 
tected from interference, by a world-wide allocation of the frequency band 1 
400-1 427 Mc/s to the Radio astronomy service. 

4. As a means of affording protection to the radio astronomy service within 
the U.S.A., a national radio astronomy observatory has been established at Green 
Bank, W. Va., a remotely located and sparsely settled area within a natural bow! 
formed by the surrounding hills and mountains. This area was selected on the 
basis of its relative freedom from manmade radio interference. Every practi- 
cable effort has been made toemaintain the prevailing low noise level in this area. 
For example, the rules of the Federal Communications Commission have been 
amended to require that, within a radius of approximately 60 miles of the ob- 
servatory, the technical characteristics of proposed new radio stations or pro- 
posed modifications to the technical characteristics of existing stations be coordi- 
nated on a technical basis with authorities at the radio astronomy observatory. 
This procedure is not required in the case of various low-powered or mobile sta- 
tions. The U.S.A. is of the opinion that this method is the most satisfactory 
solution to its radio astronomy problem. 


1 United States of America. Draft Proposal. International Telecommunication Union. Administra- 
tive Radio Conference. Document No. 452-E. Oct. 22, 1959. Geneva. 4 pp. 
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5. Having heard and read the comments of other delegations at this Confer- 
ence, however, it is now evident that the procedures used in the U.S.A. are not 
applicable in some areas of the world. erefore, the U.S.A. has reconsidered 
its position in this matter and now wishes to present to the Conference a reso- 
lution looking toward a resolution of the world’s radio astronomy frequency 
needs which can be agreed in all countries. Accordingly, the U.S.A. now pro- 
poses the attached draft resolution in the hope that it can provide the basis for 
a worldwide agreement. 

ANNEX 


RESOLUTION RELATING TO THE Rapio ASTRONOMY SERVICE 


Whereas 

A. The radio astronomy service is devoted to the reception of extremely low 
level el2ctromagnetic radiations of extraterrestrial origin and must therefore be 
protected from radiations of manmade origin to the maximum degree practicable 
in those frequency bands wherein radio astronomy observations are required or 
desirable, and 

B. The radio astronomy service must compete for spectrum space with other 
existing and rapidly expanding radio services, and 

C. Many radio astronomy service installations are of such physical size and com- 
plexity as to make it prohibitively uneconomical to change frequency bands to 
avoid interference, once established, and 

D. The radio astronomy service must be assured a reasonable degree of stability 
in the frequency bands allocated thereto in order to promote long term study 
ee, and 

. The ability of the radio astronomy service to share frequency bands with 
other radio services is quite limited; 

Therefore, it is resolved that 

1. Administrations shall make all practicable efforts to ensure that the radio 
astronomy service is afforded protection in a reasonable number of frequency 
bands throughout the radio spectrum to promote the progress of that service. 

2. Administrations shall attempt to minimize the impact of radio astrenomy 
service frequency allocation requirements upon other radio services by locating 
their observatories in remotely located, sparsely settled areas. 

3. Administrations shall attempt to further minimize the impact of radio as- 
tronomy service frequency allocation requirements upon other radio services b 
encouraging, where practicable, observations within guard bands associated wit 
emergency and safety frequencies in the mobile services and within bands allo- 
cated to services normally employing low power transmitters. 

4. The following frequency bands are recognized as important to the radio 
astronomy service, noting on the one hand that the radiocommunication services 
allocated these bands are not required to curtail or restrict their operations be- 
cause of the radio astronomy service, and, on the other hand, that these frequency 
bands, at sites suitable for radio astronomy, will, in many cases, prove most 
useful for radio astronomy: 

Standard frequency bands between 2.5 and 25 Me/s— 
40, 66— 40. 70 Me/s 
73.0 — 74. 6 

173. 4 — 174. 0 
404 — 406 
2,500 — 2, 508 
4,690 — 4,700 
8,400 — 8,415 
10,550  —10, 570 
15,250 —15, 300 
31,800 —32, 000 

5. Within the above frequency bands, the degree of protection afforded radio 
astronomy from extra-band radiations shall be no greater than that afforded 
other radio services operating in accordance with the table of frequency allocations. 
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ApprpEenpIx D 


Tue ADMINISTRATIVE Rapio CONFERENCE, GENEVA, 1959, RECOMMENDATION 


No, 30 RELATING TO THE PROTECTION oF STANDARD FREQUENCY GUARD- 
BaNnbs FoR Use Ry Rapio ASTRONOMY ; 


Considering 


(a) That interference-free reception of standard frequency and time-signals in 
the standard frequency bands centered on 2.5, 5, 10, 15, 20 and 25 Mc/s, allocated 
to the standard frequency service in the Table of Frequency Allocations, is of 
world-wide interest; 

(b) That these bands may be used most efficiently for the observation of cosmic 
radiations by radio astronomers only if they are free from appreciable energy due 
to emissions of services other than the standard frequency service; 


(c) That the bands 10 003-10 005 ke/s and 19 990- 20 010 ke/s may be used for 
space research; 


Recommends 


That administrations take all practicable measures to safeguard the standard 
frequency bands from any harmful interference. 


AppENDIx E 


Tue ADMINISTRATIVE RApI0o CONFERENCE, GENEVA, 1959, RECOMMENDATION 
No. 31 RELATING To THE Rapto ASTRONOMY SERVICE 


Considering that 


(a) Recognition has now been given to the radio astronomy service in the 
Regulations, and that allocations to this service are included in the Table of 
Frequency Allocations; 

(b) The radio astronomy service is devoted to the reception of extremely low- 
level electromagnetic radiations of extra-terrestrial origin, and needs therefore to 
be protected from radiations of man-made origin, to the maximum degree 
practicable; 

(c) The radio astronomy service must-compete for spectrum space with other 
existing and expanding radio services; 

(d) The ability of the radio astronomy service to share frequency bands with 
other radio services is limited; 

(e) In the case of many radio astronomy service installations it would be very 
difficult, once they were established, to change the frequency bands being observed 
or locations to avoid harmful interference; 

(f) The radio astronomy service should be assured a reasonable degree of 
stability in the frequency bands allocated to it, so as to permit long-term study 
programmes; 

(g) The desired protection for the radio astronomy service in many of the 
bands allocated for its use will be difficult to obtain and can be achieved only on 
a long-term basis; 

(hk) The provisions of the new Table of Frequency Allocations do not meet 
fully the stated requirements of the radio astronomy service, particularly in 
Band 8 and the lower part of Band 9; 

(7) It will assist administrations to protect the radio astronomy service if infor- 
mation is available showing the locations of the observatories, and those of the 
bands allocated in the Table of Frequencies Allocations that are in use at each 


observatory ; 
Recommends that 


1. Administrations, when preparing for the next Administrative Radio Con- 
ference, should consider further the question of frequency allocations for the radio 
astronomy service; 

2. The possibility of making a firm allocation in the range 37-41 Mc/s be spe- 
cially considered and that, in the meantime, when assigning frequencies to stations 
of other services, administrations should avoid, as far as practicable, the bands 
38-0+0-25 Me/s or 40-681+0-25 Me/s, which are in use, or are proposed for 
use for radio astronomical observations in certain countries; 
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3. administrations when drawing up frequency assignment plans should leave, 
as far as practicable, the band 606-614 Mc/s free for radio astronomical obser- 
vations or should assign frequencies to stations of other services in this band in 
such a way as to afford the maximum practicable protection for the radio astron- 
omy service; 

4. administration should notify to the Secretary General the locations of obser- 
vatories in their countries and those of the bands allocated in the Table of 
Frequency Allocations that are in use at each observatory; and that the Secretary 
General should communicate this information to Members and Associate Members 
and 


draws the attention of organizations concerned with radio astronomy to the following: 
1. the relevant provisions of the Radio Regulations; 
2. the need to maintain close co-ordination with their national adminis- 
trations on matters of frequency usage; 
3. the need to select, for observatories, sites that are as remote as possible 
from sources of radio interference. 
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AppEenpix G 


RADIO REGULATIONS 


ADOPTED BY 


THE ADMINISTRATIVE RADIO CONFERENCE 


INTERNATIONAL TELECOMMUNICATION UNION 


GENEVA, 1959 


ARTICLE 5 
(Preliminary Version, January 1960) 
Frequency Allocations 
10 ke/s to 40 Gels 


Section I. Regions and Areas 


$01 § 1. For the allocation of frequencies the world has been 
subdivided into three Regions 1 (see Appendix 24). 


$-01-1 ' It should be noted that where the words “ regions ” or “ regional ” are without 


a capital “ R” in these Regulations they do not relate to the three Regions here 
defined for purposes of frequency allocation. 


1i—03 
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§-02 Region 1: 


Region | includes the area limited on the East by line A 
(lines A, B and C are defined below) and on the West by line B, 
excluding any of the territory of Iran which lies between these limits. 
It also includes that part of the territory of Turkey and the Union of 
Soviet Socialist Republics lying outside of these limits, the territory 
of the Mongolian Peoples’ Republic, and the area to the North of 
the U.S.S.R. which lies between lines A and C. 


Region 2: 


Region 2 includes the area limited on the East by line B 
and on the West by line C. 


Region 3: 


Region 3 includes the area limited on the East by line C 
and on the West by line A, except. the territories of the Mongolian 
Peoples’ Republic, Turkey, the territory of the U.S.S.R. and the 
area to the North of the U.S.S.R. It also includes that part of the 
territory of Iran lying outside of those limits. 


The lines A, B, and C are defined as follows : 


Line A: 


Line A extends from the North Pole along meridian 40° 
East of Greenwich to parallel 40° North; thence by great circle arc 
to the intersection of meridian 60°, East.and the Tropic of Cancer ; 
thence along the meridian 60° East to the South Pole. 


Line B: 


Line B extends from the North Pole along meridian 10° 
West of Greenwich to its intersection with parallel 72° North ; thence 
by great circle arc to the intersection of meridian 50°. West and 
parallel 40° North ; thence by great circle arc to the intersection of 
meridian 20° West and parallel 10° South; thence along meridian 
20° West to the South Pole. 


11—04 
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5-08 Line C: 


Line C extends from the North Pole by great circle arc to 
the intersection of parallel 65° 30’ North with the international 
boundary in Behring Strait; thence by great circle arc to the inter- 
section of meridian 165° East of Greenwich and parallel 50° North ; 
thence by. great circle arc to the intersection of meridian 170° West 
and parallel 10° North ; thence along parallel 10° North to its inter- 
section with meridian 120° West ; thence along meridian 120° West 
to the South Pole. 


§ 2. The “European Broadcasting Area” is bounded on the 
West by the Western boundary of Region 1, on the East by the 
meridian 40° East of Greenwich and on the South by the parallel 
30° North so as to include the western part of the U.S.S.R. and the 
territories bordering the Mediterranean, with the exception of the 
parts of Arabia and Saudi-Arabia included in this sector. In 
addition, Iraq is included in the European Broadcasting Area. 


The “ European Maritime Area” is bounded on the North 
by a line extending along parallel 72° North from its intersection 
with meridian 55° East to its intersection with meridian 5° West, 
then along meridian 5° West to its intersection with parallel 67° 
North thence along parallel 67° North to its intersection with meri- 
dian 30° West ; on the West by a line extending along meridian 30° 
West to its intersection with parallel 30° North; on the South by 
a line extending along parallel 30° North to its intersection with 
meridian 43° East ; on the East by a line extending along meridian 
43° East to its intersection with parallel 60° North, thence along 
parallel 60° North to its intersection with meridian 55° East and 
thence along meridian 55° East to its intersection with parallel 
72° North. 


The “ Tropical Zone” (see Appendix 24) is defined as: 


a) the whole of that area in Region 2 between the 
Tropics of Cancer and Capricorn ; 
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b) the whole of that area in Regions 1 and 3 contained 
between the parallels 30° North and 35° South with 
the addition of : 


1) the area contained between the meridian 40° East 
and 80° East of Greenwich and the parallels 
30° North and 40° North; 


2) that part of Libya North of parallel 30° North. 


In Region 2, the Tropical Zone may be extended to 
parallel 33° north, subject to appropriate special arrangements 
between the countries concerned in that Region. 


Section II. Categories of Services and Allocations 
Primary Services, Permitted Services and Secondary Services 


Where, in a box of the Table in Section IV of this Article, 
a band is indicated as allocated to more than one service, either on 
a world-wide or Regional basis, such services are listed in the 
following order : 


a) services, the names of which are printed in “ small 
capitals” (example: Frxep); these services are called 
“ primary ” services ; 

b) services, the names of which are printed in “ grotesque 
light” (example; Radiolocation); these are “ per- 
mitted" services (see No. 5-14) ; 

c) services, the names of which are printed in “ italics” 


(example: Mobile); these are “ secondary” services 
(see No. 5-15). 


5-14 Permitted and primary services have equal rights, except 
that, in the preparation of frequency plans, the primary service, as 
compared with the permitted service, shall have prior choice of 
frequencies. 
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Stations of a secondary service : 


a) shall not cause harmful interference to stations of 
primary or permitted services to which frequencies are 
already assigned or to which frequencies may be 
assigned at a later date ; 


cannot claim protection from harmful interference from 
stations of a primary or permitted service to which 
frequencies are already assigned or may be assigned at 
a later date ; 


c) can claim protection, however, from harmful inter- 
ference from stations of the same or other secondary 
service(s) to which frequencies may be assigned at a 
later date. 


Where a band is indicated in a footnote to the Table as’ 
allocated to a service “on a secondary basis” in an area smaller 
than a Region, or in a particular country, this is a secondary service 
(see No. 5-15). 


Where a band is indicated in a footnote to the Table as 
allocated to a service “on a primary basis”, or “on a permitted 
basis " in an area smaller than a Region, or in a particular country, 


this is a primary service or a permitted service only in that area or 
country. 


Additional services 


Where a band is indicated in a footnote to the Table as 
also allocated to a service in an area smaller than a Region, or 
in a particular country, this is an “ additional ” service, i.e. a service 
which is added in this area or in this country to the service or 
services which are indicated in the Table (see No, 5-19). 


If the footnote does not include any restriction on an 
additional service apart from the restriction to operate only in a 
particular area or country, stations of this service shall have equality 


51548 O—60 11 
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of right to operate with stations of the other service or services, the 
names of which are printed in “ small capitals” in the Table. 


If restrictions are imposed on an additional service in 
addition to the restriction to operate only in a particular area or 
country, this is indicated in the footnote to the Table. 


Alternative allocations 


Where a band is indicated in a footnote to the Table as 
“allocated ”” to ome or more services in an area smaller than a 
Region, or in a particular country, this is an “ alternative ” allocation, 
i.e. an allocation which replaces, in this area or in this country, the 
allocation indicated in the Table (see No. 5-22). 


If the footnote does not include any restriction on stations 
of the service or services concerned, apart from the restriction to 
operate only in a particular area or country, these stations shall 
have an equality of right to operate with stations of the service or 
services, the names of which are printed in “ small capitals” in the 
Table, and to which the band is allocated in other areas or countries. 


If restrictions are imposed on stations of a service to 
which an alternative allocation is made, in addition to the restric- 
tion to operate only in a particular country or area, this is indicated 
in the footnote. 


Miscellaneous Provisions 


Where it is indicated in these Regulations that a service 
may operate in a specific frequency band subject to not causing 
harmful interference, this means also that this service cannot claim 
protection from harmful interference caused by other services to 
which the band is allocated under Chapter II of these Regulations. 
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Except if otherwise specified in a footnote, the term 
“ fixed service”, where appearing in Section IV of this Article, does 
not include systems using ionospheric scatter propagation. 


Section III. Description of the Table of Frequency Allocations 


The heading of the Table in Section IV of this Article 
includes three columns, each of which corresponds to one of the 
Regions (see No. 5-01). Where an allocation occupies the whole of 
the width of the Table or only one or two of the three columns, this 
is a world-wide allocation or a Regional allocation, respectively. 


The frequency band referred to in each allocation is 
indicated in bold type in the left hand top corner of the part of the 
Table concerned. 


Within each of the categories specified in No. 5-13, services 
are listed in alphabetical order according to the French language. 
The order of listing does not indicate relative priority within each 
category. 


The footnote references which appear in the Table below 
the allocated service or services, apply to the whole of the allocation 
concerned. 


The footnote references which appear to the right of the 
name of a service are applicable only to that particular service. 


In certain cases, the names of countries appearing in the 
footnotes have been simplified in order to shorten the text. 


Section IV. Table of Frequency Allocations — 10 kc/s to 40 Ge/s 
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ke/s 
10—70 


Allocation to Services 


Region 1 Region 2 Region 3 


Below 10 
(Not allocated) 
109a 


RADIONAVIGATION 
Radiolocation 


19-95 — 20-05 
STANDARD FREQUENCY  110b 


110a 


20-05 — 70 
FIXED 


MARITIME MOBILE 


110a 110c 


Administrations authorizing the use of frequencies below 10 kc/s for special 

‘national purposes shall ensure that no harmful interference is caused thereby to 

the services to which the bands above 10 kc/s are allocated (see also Article 14, 
No. 14-07). 


Limited to coast telegraph stations (Al and F1 only). 


The stations of services to which the bands between 14 and 70 kc/s are allocated 
may transmit standard frequency and time signals. Such stations shall be afforded 
protection from harmful interference. In Albania, Bulgaria, Hungary, Poland, 
Roumania, Czechoslovakia and the U.S.S.R., the frequencies 25 kc/s and 50 kc/s 
will be used for this purpose under the same conditions. 


The standard frequency is 20 ke/s. 


In the U.S.S.R., frequencies in the band 60-80 kc/s may be used for industrial, 
scientific and medical purposes subject to the condition that interference is not 
caused to stations of services to which this band is allocated. 


li—10 
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ke/s 
70 —90 


Allocation to Services 


Region 1 Region 2 


70— 72 70 — 90 


RADIONAVIGATION 


FIXED FIXED 
110c 


MARITIME MOBILE 110 | MARITIME MOBILE 
72— 84 


MARITIME RADIONAVIGATION 


IXED 
F RADIONAVIGATION 110d 


MARITIME MOBILE 110 
RADIONAVIGATION 110d | Radiolocation 


110c Illa 
84 — 86 
RADIONAVIGATION 


Illa 


86 — 90 

FIXED 

MARITIME MOBILE 
RADIONAVIGATION 


Illa 


110d Limited to continuous wave systems. 


111 In the bands 70-72 kc/s and 84-86 kc/s, the radionavigation service is the primary 
service and the fixed and maritime mobile services are secondary services, except 
in Japan and Pakistan. 


Illa In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the band 80-150 kc/s is allocated on a secondary basis to the aeronautical 
and land mobile services while within and between these countries these services 
shall have equal right to operate. 

The establishment and operation of maritime radionavigation stations shall be 
subject to arrangements between administrations whose services, operating in 
accordance with the Table, may be affected. However, the fixed, maritime mobile 
and radiolocation services shall not cause harmful interference to maritime radio- 
navigation stations established under such arrangements. 


1i—11 
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ke/s 
90— 110 


Allocation to Services 


Region 1 Region 2 Region 3 


90 — 110 90 — 110 90 — 110 
FIXED RADIONAVIGATION FIXED 


MARITIME MOBILE Fixed MARITIME MOBILE 110 


RADIONAVIGATION Maritime mobile RADIONAVIGATION 


lila 112 


112 The development and operation of long distance radionavigation systems are 
authorized in this band, which will become exclusively allocated, wholly or in 
part, to the radionavigation service for the use of any one such system as soon 
as it is internationally adopted. Other considerations being equal, preference 
should be given to the system requiring the minimum bandwidth for world- 
wide service and causing the least harmful interference to other services. If a 
pulse radionavigation system is employed, the pulse emissions shall nevertheless 
be confined within the band 90-110 kc/s and shall not cause harmful interference 
outside the band to stations operating in accordance with the Regulations. In 
Regions 1 and 3, during the period prior to the international: adoption of any 
long distance radionavigation system, the operation of specific radionavigation 
stations shall be subject to arrangements between administrations whose services, 
operating in accordance with the Table, may be affected. Once established under 


such arrangements radionavigation stations shall be protected from harmful 
interference. 





RADIO FREQUENCY CONTROL 


ke/s 
110— 130 


Allocation to Services 
Region | Region 2 Region 3 


110— 112 110— 130 110— 130 


FIxED FIXED 112b | Frixep 112b 
MARITIME MOBILE 

MARITIME MOBILE 112b | MARITIME MOBILE 112b 
RADIONAVIGATION 


lila 112a MARITIME RADIONAVIGATION 110d 
RADIONAVIGATION 110d 
112—115 


RADIONAVIGATION Radiolocation 


Illa 


115— 126 


FIXED 
MARITIME MOBILE 
RADIONAVIGATION 


lila 1li2a 1ll3a 
126— 129 


RADIONAVIGATION 


Illa 


129 — 130 


FIXED 


MARITIME MOBILE 
RADIONAVIGATION 


Illa 112a lilb 12a li2a_ 113 


I12a Aeronautical stations may use frequencies in the bands 110-112 kc/s, 115-126 ke/s 
and 129-130 kc/s on a permitted basis for high-speed communications to aircraft. 


112b Only classes Al or Fl, A4 or F4 emissions are authorized in the band 110- 
160 kc/s for stations of the fixed and maritime mobile services. 

In the bands 112-117-6 kc/s and 126-129 kc/s, the radionavigation service is 
the primary service and the fixed and maritime mobile services are secondary 
services, except in Japan and Pakistan. 

In the band 115-117-6 kc/s the radionavigation service is the primary service 
and the fixed and maritime mobile services are secondary services. In the same 
band, in France and the F. R. of Germany the fixed and maritime mobile services 
are primary services and the radionavigation service is a secondary service. 


li—13 
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ke/s 
130— 160 


Allocation to Services 
Region 1 Region 2 
130 — 150 130 — 150 


MARITIME MOBILE 114 115 
Fixed 


lila 112b 116a 

150 — 160 

MARITIME MOBILE 112b 11° FIXED 
BROADCASTING MARITIME MOBILE 


118 112b 


114 The frequency 143 kc/s is the calling frequency for stations in the maritime 
mobile service using the band 90-160 kc/s. The conditions for its use are 
prescribed in Article 32. 


115 Limited to ship stations. 


116a In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the band 130-150 kc/s is allocated on a secondary basis to the radio- 
navigation service while within and between these countries this service shall have 
equal right to operate. 


117 The maritime mobile service shall not cause harmful interference to the recep- 
tion of broadcasting stations within the boundaries of the national territories 
in which the broadcasting stations are situated. 


118 By special arrangement. 
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ke/s 
160 — 285 


Allocation to Services 
Region 1 Region 2 Region 3 
160 — 255 160 — 200 160 — 200 


BROADCASTING FIXED FIxeD 


Aeronautical 
radionavigation 


119 
255 — 285 
MARITIME. MOBILE 117 AERONAUTICAL RADIONAVIGATION 


BROADCASTING 
AERONAUTICAL 
RADIONAVIGATION 


119 121 123a 


Aeronautical mobile 


119 In the Belgian Congo and Ruanda Urundi, Ethiopia, the Portuguese Overseas 


Provinces in Region | south of the equator, Rhodesia and Nyasaland, and the 
Union of South Africa and the Territory of South West Africa, the band 160- 
200 kc/s is allocated to the fixed service; the band 200-285 kc/s is allocated to 
aeronautical mobile and aeronautical radionavigation services. 


In the western part of the European Broadcasting Area, the band 255-285 
kc/s is used solely by the aeronautical radionavigation service except that in the 


United Kingdom frequencies are also assigned, by special arrangement, to stations 
of the maritime mobile service. . 


Norwegian stations of the aeronautical fixed service situated in northern areas 
subject to auroral disturbances are allowed to continue operation on one frequency 
in the band 255-285 kc/s. 


In northern areas which are subject to auroral disturbances the aeronautical 
fixed service is the primary service. 
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kc/s 
285 — 405 


Allocation to Services 
Region 1 Region 2 


285 — 315 


MARITIME RADIONAVIGATION 
(radiobeacons) 


Aeronautical radionavigation 


315 —325 315— 325 
MARITIME RADIONAVIGATION 
AERONAUTICAL (radiobeacons) 
RADIONAVIGATION 


Aeronautical radionavigation 
126 


325 — 405 


AERONAUTICAL RADIONAVIGATION 
Aeronautical mobile 


132 


126 In the U.S.S.R. and the Black Sea areas of Bulgaria, Roumania and Turkey, 
the band 315-325 kc/s is also allocated to the maritime radionavigation service 
under the following conditions: 

a) Stations of this service shall not cause interference to stations of the aero- 
nautical radionavigation service in the North Sea area. 

b) In the Black Sea ang White Sea areas, the, maritime radionavigation service 
is the primary service and the aeronautical radionavigation service is the 
permitted service. 

c) In the Baltic Sea area, the assignment of frequencies in this band to new stations 
in the maritime and aeronautical radionavigation services shall be subject to 
prior consultation between the administrations concerned. 


Norwegian fixed stations situated in northern areas subject to auroral disturb- 
ances are allowed to continue operation on two frequencies in the band 385- 
395 kc/s for transmissions chiefly composed of weather messages. 
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405 — 415 
MOBILE except 
aeronautical mobile 


AERONAUTICAL 
RADIONAVIGATION 


ke/s 
405— 510 


Allocation to Services 
Region 2 


405 — 415 405 — 415 

MARITIME 
RADIONAVIGATION 
(radio direction-finding) 


RADIONAVIGATION 


Aeronautical mobile 


MARITIME 
RADIONAVIGATION 
(radio direction-finding) 


133 134 136a 


Aeronautical radionavigation 


Aeronautical mobile 


133 


415 — 490 
MARITIME MOBILE 


138 139 


Mosi.e (distress and calling) 
140 


133 The frequency 410 kc/s is designated for the maritime radionavigation service 
(radio direction-finding). Other allocated services in the band 405-415 kc/s shall 
not cause harmful interference to radio direction-finding. In the band 405-415 kc/s 
no frequency shall be assigned to coast stations. 


The use of the band 405-415 kc/s by the radionavigation service is limited to 
radio direction-finding except in the Baltic and North Sea areas where this band 
may also be used for the maritime radionavigation service for radiobeacon stations 
of mean power not exceeding 10 watts and subject to not causing harmful inter- 
ference to radio direction-finding. 


In Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the U.S.S.R., the 
band 405-415 kc/s is also allocated, on a secondary basis, to the aeronautical 
mobile service. 


In the European Maritime Area, subject to the conditions specified in the 
Final Acts of the European Maritime Conference (Copenhagen 1948), and any 
subsequent revision of that agreement, the administrations concerned may keep 
in the bands 415-485 kc/s and 515-525 ke/s such of the following broadcasting 
stations as will not cause harmful interference to the maritime mobile service: 
Hamar, Innsbruck, Oestersund, Oulu. 


Limited to radiotelegraphy. 


The frequency 500 kc/s is the international distress and calling frequency 
for radiotelegraphy. The conditions for its use are prescribed in Article 32, 


ii—17 





164 


ART 5 


Region 1 
510 — 525 


MARITIME MOBILE 139 


Aeronautical 
radionavigation 


138 


525 — 535 


BROADCASTING 


140a In operating stations of the aeronautical radionavigation service, the administra- 


ke/s 
510— 1 605 


Allocation to Services 
Region 2 
510 — 525 


MOBILE 


Aeronautical 
radionavigation 140a 


525 — 535 


MOBILE 


Broadcasting 140c 


Aeronautical 
radionavigation 140a 
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AR’ 


Region 3 


510— 525 
MARITIME MOBILE 
Aeronautical mobile 


Land mobile 
140b 

525 — 535 
MOBILE 


Broadcasting 





tions concerned shall take all the technical steps necessary to avoid harmful 
interference to the maritime mobile service. 


140b In India, Iran and Pakistan, the band 510-525 kc/s is also allocated, on a second- «: 


ary basis, to the aeronautical radionavigation service. 
140c The carrier power of broadcasting stations in this band shall not exceed 


250 watts. 


14 


142 In Rhodesia and Nyasaland, and the Union of South Africa and the Territory of 
South West Africa, the band 525-535 kc/s is allocated to the mobile service. 
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ART 5 ke/s —E 
1 605 — 2 000 


Allocation to Services 











Region | Region 2 Region 3 
1605—2 000 1 605— 1 800 1 605 — 1 800 
FIXED FIXED FIXED 
MOBILE except MOBILE MoBILE 
aeronautical mobile 
AERONAUTICAL 
RADIONAVIGATION 
Radiolocation 
143a 143b 
1 800 —2 000 
/ AMATEUR 
FIxeD 


MOBILE except aeronautical mobile 


RADIONAVIGATION 


143c 144 145 146 146a 147a 


143a In Japan, the band 1 605-1 800 kc/s is allocated on a permitted basis to the 
maritime radionavigation service using continuous wave systems with a mean 
power of not more than 50 watts. 


143b In Australia, North Borneo, Brunei, Sarawak, Singapore, China, Indonesia, 
Malaya, New Zealand and the Philippines, the band 1 605-1 800 kc/s is allocated 
on a permitted basis to the aeronautical radionavigation service, the stations 
of which shall use a mean power not exceeding 2 kW. 

143 In the Tropical Zone of Region 1, with the exception of that part of Libya 
north of the parallel 30° N, the band 1 605-1 800 kc/s is also allocated, on a second- 
ary basis, to the aeronautical radionavigation service (radiobeacons only). 
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Special arrangements shall determine the conditions of operation of stations 
of the fixed and mobile services in order to protect these services from mutual 
harmful interference, having special regard to the difficulties of operation of 
stations of the maritime mobile service. 


In Austria, Denmark, Finland, Ireland, Netherlands, F. R. of Germany, Rho- 
desia and Nyasaland, United Kingdom, Switzerland, Czechoslovakia, and the 
Union of South Africa and Territory of South West Africa, administrations 
may allocate up to 200 kc/s to their amateur service within the band 1 715-2 000 kc/s, 
However, when allocating bands within this range to their amateur service, admin- 
istrations shall, after prior consultation with administrations of neighbouring 
countries, take such steps as may be necessary to prevent harmful interference 
from their amateur service to the fixed and mobile services of other countries, 
The mean power of any amateur station shall not exceed 10 watts. 


The operation of Loran radionavigation stations is authorized temporarily 
on 1950 kc/s (the band occupied being 1 925-1975 kc/s) provided that, except 
for the stations comprising the North-East Atlantic Loran System (north of 
latitude 55° N), the establishment and operation of specific Loran stations 
shall be the subject of special arrangements among administrations having opera- 
tions that would be affected. All practicable measures shall be taken to reduce 
harmful interference from Loran transmissions to other services to which this band 
or adjacent bands are allocated. 


In Region 2 the Loran system has priority. Other services to which the band is 
allocated may use any frequency in this band provided that they do not cause 
harmful interference to the Loran system. 

In Region 3 the Loran system in any particular area operates either on 1 850 
or 1 950 kce/s, the bands occupied being 1825-1875 kc/s and 1925-1975 kc/s respec- 
tively. Other services to which the band 1 800-2 000 kc/s is allocated may use any 
frequency therein on condition that no harmful interference is caused to the Loran 
system operating on 1 850 or 1 950 ke/s. 


In India, the band 1 800-2 000 kc/s is allocated on a permitted basis to the 
aeronautical mobile service. 
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ke/s 
2 000 — 2 194 


Allocation to Services 


Region 1 Region 2 


2 000 — 2 045 2 000 — 2 065 
FIXED 


MOBILE except 
aeronautical mobile 


144 
FIXED 


2 045 — 2 065 

MOBILE 
METEOROLOGICAL AIDS 

FIXED 


MOBILE except 
aeronautical mobile 


144 
2 065 — 2 170 


FIXED 


MOBILE except 


aeronautical mobile (Rr) 2107—2170 


oad 


2170—2 194 
Mosize (distress and calling) 


148 


147b In Region 2, limited to ship stations using radiotelegraphy. 


148 The frequency. 2 182 ke/s is the international distress and calling frequency for 
radiotelephony. The conditions for the use of this frequency are prescribed in 
Article 35. 
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ke/s 
2 194—2 625 


Allocation to Services 


nie 
2 194—2 300 2 194—2 300 


FIXED 


MOBILE except 
aeronautical mobile (r) 


14g 
2 300 — 2 498 


FIXED 


MOBILE except 
aeronautical mobile (r) 


BROADCASTING 150 


144 
2 498 — 2 502 
STANDARD FREQUENCY 


STANDARD UENCY 
152 152a poe 


2 502— 2 625 152 152a 
FIXED 


MOBILE except 
aeronautical mobile (Rr) 


For the conditions of use of this band by the broadcasting service se 
Nos, 5-11, 5-12 and 7-02 to 7-07. 


The standard frequency is 2 500 kc/s. 


The standard frequency guard-bands at 2-5 Mc/s, $ Mc/s, 10 Mc/s, 15 a 
20 Mc/s and 25 Mc/s may be used by the radio astronomy service. The ra 
astronomy service shall be protected from harmful interference from a 
operating in other bands in accordance with the provisions of these Regulations, 
only to the extent that these services are protected from each other. 
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ke /s 
2 625 — 2 850 


Allocation to Services 


Region 1 Region 2 


2 625 — 2 650 2625 — 2 850 
MARITIME MOBILE 


MARITIME 
RADIONAVIGATION 


118 
2 650 — 2 850 


FIXED 


MOBILE except 
aeronautical mobile (Rr) 


153 


153 Special arrangements shall determine the conditions of operation of stations 
of the fixed and mobile services in order to protect these services from mutual 
harmful interference, having special regard to the difficulties of operation of 


stations of the maritime mobile service and also to the needs of the fixed service in 
certain areas. ° 
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ke/s 
2 850— 3 500° 


Allocation to Services 


Region 1 Region 2 Region 3 


2 850 — 3 025 


AERONAUTICAL MOBILE (R) 


3 025—3 155 


AERONAUTICAL MOBILE (OR) 


3 155— 3 200 


FIXED 


MOBILE except aeronautical mobile (Rr) 


FIxXiD 
& 


MOBILE except aeronautical mobile (rR) 


BROADCASTING 150 


FIXED 


MOBILE except aeronautical mobile 


BROADCASTING 150 


AERONAUTICAL MOBILE (R) 
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ke/s 
3 500 — 4 000 











Allocation to Services 





Region 1 Region 2 













3 500 — 3 800 
AMATEUR 


3 500 — 4 000 






AMATEUR AMATEUR 
FIXED 
" MOBILE except 
aeronautical mobile FIXED F 









MOBILE except 
3 800— 3 900 aeronautical mobile (Rr) 
FIXED 

AERONAUTICAL MOBILE (OR) 

LAND MOBILE 


153a_ 153b 








3 900 — 3 950 3 900 — 3 950 








AERONAUTICAL MOBILE (OR) AERONAUTICAL MOBILE 


BROADCASTING 







3 950 — 4 000 3 950 — 4 000 









FIXED FIXED 


BROADCASTING 


153a In Australia, the band 3 500-3 700 kc/s is allocated to the amateur service; 
the band 3 700-3 900 kc/s is allocated to the fixed and mobile services. 


153b In India, the band 3 500-3 890 kc/s is allocated to the fixed and mobile services; 
the band 3 890-3 900 kc/s is allocated to the amateur service. 
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ke/s 
4 000 — 4 850 


Allocation to Services 
Region 1 Region 2 


4 000 — 4 063 


MARITIME MOBILE 
154 155a 
4 438 — 4 650 
FIXED FIXED 


MOBILE except aeronautical mobile (Rr) MOBILE except 
aeronautical mobile 


AERONAUTICAL MOBILE (R) 


4 700 — 4 750 
AERONAUTICAL MOBILE (OR) 


4 750 — 4 850 4750 — 4 850 

FIXED 

AERONAUTICAL MOBILE (OR) FIXED 

LAND MOBILE BROADCASTING 150 
BROADCASTING 150 


154 In the U.S.S.R., in the bands 4 063-4 133 kc/s and 4 408-4 438 kc/s, fixed stations 
of limited power may operate provided that, in order to minimise the possibility 
of causing harmful interference to the maritime mobile service, they are situated 
at least 600 km from the coast. A limited power station is one whose power and 
antenna characteristics are so adjusted that the field strength established at any 
point in any direction does not exceed that obtainable with a non-directive antenna 
and a peak envelope power of 1 kW. 


On condition that harmful interference is not caused to the maritime mobile 
service, the frequencies between 4 063 and 4 438 kc/s may be used exceptionally by 
fixed stations communicating only within the boundary of the country in which 
they are located, with a mean power not exceeding 50 watts; however, in Regions 2 
and 3, between 4 238 and 4 368 kc/s, a mean power not exceeding 500 watts may 
be used by such fixed stations. 
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ke/s 
4 850— 5 480 


Allocation to Services 


Region 2 


FIXED 


STANDARD FREQUENCY 


152a_ 156 


FIXED 


BROADCASTING 150 


5 250— 5 430 
FIXED 
LAND MOBILE 


5 430— 5 480 


5 450—5 480 
FIXED 


AERONAUTICAL MOBILE (R) 
AERONAUTICAL MOBILE (OR) 


LAND MOBILE 


156 The standard frequency is 5 000 kc/s. 
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ke/s 
5 480 —7 100 


Allocation to Services 


Region 2 


AERONAUTICAL MOBILE (R) 


AERONAUTICAL MOBILE (OR) 


157 


AERONAUTICAL MOBILE (R) 


AERONAUTICAL MOBILE (OR) 


157 On condition that harmful interference is not caused to the maritime mobile 
service, the frequencies between 6 200 and 6 525 kc/s may be used exceptionally by 
fixed stations, communicating only within the boundary of the country in which 
they are located, with a mean power not exceeding 50 watts. At the time of noti- 
fication of these frequencies, the attention of the International Frequency Registra- 
tion Board will be drawn to the above conditions. 
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ke/s 
7 100—9 995 


Allocation to Services 


Region 2 Region 3 


7 100—7 300 
BROADCASTING 
158 


7 0— 8 195 


8 195—8 815 
MARITIME MOBILE 


160 


8 815— 8 965 
AERONAUTICAL MOBILE (R) 


8 965 — 9 040 
AERONAUTICAL MOBILE (OR) 


FIxED 


BROADCASTING 


9775 —9 995 


158 In the Union of South Africa and the Territory of South West Africa, the 
band 7 100-7 150 kc/s is allocated to the amateur service. 


Between 8 615 and 8 815 ke/s, 12 925 and 13 200 ke/s, and between 17 160 and 
17 360 kc/s, the U.S.S.R. will meet their special requirements for the fixed service 
with due regard to technical provisions (power, location, antenna, etc.) with a 
view to minimizing the possibility of harmful interference to the maritime 
mobile service. Coast stations in the maritime mobile service will also have due 
regard to technical provisions (power, location, antenna, etc.) with a view to 
minimizing the possibility of harmful interference to the fixed service in the 
U.S.S.R. The International Frequency Registration Board will be consulted 
regarding this subject. 
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ke/s 
9 995 — 12 330 


Allocation to Services 
Region 1 Region 2 


9 995 — 10 005 
STANDARD FREQUENCY 


152a 161 16la 


10 005 — 10 100 
AERONAUTICAL MOBILE (R) 


10 100— 11 175 


11 175— 11 275 
AERONAUTICAL MOBILE (OR) 


11 275— 11 400 


AERONAUTICAL MOBILE (R) 


11 400 — 11 700 
FIXED 


162 


11 700 — 11 975 
BROADCASTING 


11 975 — 12 330 


161 The standard frequency is 10 000 ke/s. 


16l1a The band 10003-10005 kc/s is also allocated, on a secondary basis, to the 
space and earth-space services for research purposes. 


162 In the U.S.S.R., the band 11 400-11 450 kc/s is also allocated to the aeronautical 
mobile (OR) service. 
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ke/s 
12 330 — 14 990 


Allocation to Services 


Region 1 Region 2 Region 3 


12 330 — 13 200 
MARITIME MOBILE 


160 


13 200 — 13 260 
AERONAUTICAL MOBILE (OR) 


13 260 — 13 360 
AERONAUTICAL MOBILE (R) 


13 360 — 14 000 


164 


14 000 — 14 350 
AMATEUR 


165 


14 350 — 14 990 
FIXED 


164 The frequency 13 560 kc/s is designated for industrial, scientific and medical 
purposes. Emissions must be confined within the limits of + 0-05 % of that 
frequency. Radiocommunication services operating within those limits must 
accept any harmful interference that may be experienced from the operation of 
industrial, scientific and medical equipment. 


165 In the U.S.S.R., the band 14 250-14 350 kc/s is also allocated to the fixed service. 
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ke/s 
14 990 — 17 900 


Allocation to Services 


Region | Region 2 Region 3 


14 990 — 15 010 
STANDARD FREQUENCY 


152a 166 
15 010 — 15 100 
AERONAUTICAL MOBILE (OR) 


15 100 — 15 450 
BROADCASTING 


15 450 — 16 460 


16 460 — 17 360 
MARITIME MOBILE 


160 


17 360 — 17 700 
FIXED 


17 700 — 17 900 


166 The standard frequency is 15 000 ke/s. 
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ke/s 
17 900 — 21 750 


Allocation to Services 


Region 1 Region 2 Region 3 


17 900 — 17 970 
AERONAUTICAL MOBILE (R) 


17 970 — 18 030 
AERONAUTICAL MOBILE (OR) 


18 030 — 19 990 


19 990 — 20 010 
STANDARD FREQUENCY 


152a 168 168a 


20 010 — 21 000 
FIXED 


21 000 — 21 450 
AMATEUR 


21 450 — 21 750 
BROADCASTING 


168 The standard frequency is 20 000 kc/s. 


168a The band 19 996-20 010 kc/s is also allocated, on a secondary basis, to the space 
and earth-space services for research purposes. 
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ke/s 
21 750 — 25 010 


Allocation to Services 


Region 1 Region 2 Region 3 


21 750 — 21 850 


AERONAUTICAL FIXED 


AERONAUTICAL MOBILE (R) 


22 000 — 22 720 
MARITIME MOBILE 


AERONAUTICAL FIXED 


AERONAUTICALMOB1E (OR) 


FIXED 
LAND MOBILE 


169 


STANDARD FREQUENCY 


152a 170 


169 Inter-ship radiotelegraphy may be used in the maritime mobile service between 
the frequencies 23 350 and 24 000 kc/s. 


170 The standard frequency is 25 000 kc/s. 
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ke/s 
25 010— 27 500 


Allocation to Services 


Region | Region 2 Region 3 


25 010 — 25 070 
FIXED 


MOBILE except aeronautical mobile 


MARITIME MOBILE 


170a 


FIxED 


MOBILE except aeronautical mobile 


BROADCASTING 


FIXED 


MOBILE except aeronautical mobile 


171 172 


170a Limited to ship stations employing Al or F1 emissions. 


171 The frequency 27 120 ke/s is designated for industrial, scientific and medical 
purposes. Emissions must be confined within the limits of + 0.6% of that fre- 
quency. Radiocommunication services operating within those limits must accept 
any harmful interference that may be experienced from the operation of indus- 
trial, scientific and medical equipment. 


In Region 2, Australia and New Zealand, the amateur service may operate 
between the frequencies 26 960 and 27 230 kc/s. 
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Mc/s 
275—4l1 


Allocation to Services 
Region 1 Region 2 Region 3 


27'5—28 275— 28 


METEOROLOGICAL AIDS 
METEOROLOGICAL AIDS 


FIxeD 


MOBILE 


AMATEUR 


Fixed 175a 175b 175¢ 175d 175da 
MOBILE 
175e 175f 175g 176 


172a In Albania, Bulgaria, Hungary, Poland, Roumania. Switzerland, Czechoslo- 
vakia, and the U.S.S.R., the band 27-5-28 Mc/s is also allocated to the fixed 
and mobile services. 


175a Stations designed to use ionospheric scatter may operate only subject to arrange- 
ments between administrations concerned and those whose services, operating in 
accordance with the Table, may be affected. 

175b Systems designed to use ionospheric scatter or other fixed service systems 


designed to operate over distances exceeding 800 km shall confine their emissions 
to the following bands: 


Region | Region 2 Region 3 


32-6—33 32-6—33 32-6—33 
36:2—36-6 34-6—35 34-6—35 
39 —39-4 36-4—36'8 36-4—36-8 


and shall have priority in Region 2 in the bands shown above for such use in 
that Region. 





175¢ 
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In the case of the bands referred to in No. 175b, which are limited to a particular 
Region the provisions of No. 3-05 shall apply and administrations shall avoid 
beaming such transmissions towards another Region unless specifically co-ordinated 
otherwise. 


Tonospheric scatter stations, existing on 1 January 1960, and not causing harmful 
interference to the other services to which the band.is allocated, may continue to 
operate on frequencies now assigned until re-accommodated. 


Conventionel (F2) long distance fixed service use of the band 29-7-30 Mc/s is 
not excluded in Region 2, provided that such use is coordinated between the 
administrations concerned. 


In the United Kingdom, the band 29-7-41 Mc/s is also allocated to the aero- 
nautical radionavigation service. 


As regards the use of the frequencies 38 Mc/s and 40-68 Mc/s by the radio astro- 
nomy service, see Recommendation No. 31. 


The band 39-986-40 002 Mc/s is also allocated, on a secondary basis, to the 
space and earth-space services for research purposes. 


The frequency 40-68 Mc/s is designated for industrial, scientific and medical 
purposes. Emissions must be confined within the limits of + 0°05% of that fre- 
quency. Radiocommunication services operating within those limits must accept 
any harmful interference that may be experienced from the operation of industrial, 
scientific and medical equipment. 
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Mc/s 
41— 68 
Allocation to Services 
Region 2 
41—47 41—50 


BROADCASTING Fixep ‘175a_175¢ 176a | FIXED 175a 176a 


MOBILE 
Fixed 175a_ 176a | MOBILE 


Mobile 44—50 
Fixed 175a 175c 176a 


178 178a 178b 178c 
47— 68 


AMATEUR 
178f 178g 178h 178i 
54— 68 54— 68 


FIXED 175a 176a | Fixep 175a 175¢ 176a 
MobBILE MOBILE 
BROADCASTING BROADCASTING 


178 178a 178c 178d 178e 178h 


176a Systems designed to use ionospheric scatter which may cause harmful inter- 
ference to the broadcasting service are prohibited. 


178 In Rhodesia and Nyasaland, the band 41-44 Mc/s is allocated to the fixed, 
mobile and aeronautical radionavigation services; the bands 44-50 and 54-68 Mc/s 


are allocated to the fixed, mobile and broadcasting services; the band 50-54 Mc/s 
is allocated to the amateur service. 


In the Belgian Congo and Ruanda Urundi, and the Union of South Africa 
and the Territory of South West Africa, the band 41-50 Mc/s is also allocated to 
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the fixed, mobile and aeronautical radionavigation services; the band 50-54 Mc/s 
is allocated to the amateur service; and the band 54-68 Mc/s is allocated to the fixed, 
mobile and broadcasting services. The band 53-54 Mc/s may be used for model 
control. 


In Spain, France, Monaco and the United Kingdom, the band 41-47 Mc/s is 
allocated to the broadcasting service. 


In the Portuguese Overseas Provinces in Region 1 south of the equator, the band 
41-68 Mc/s is also allocated on a permitted basis to the fixed and mobile services. 


In Austria, the F. R. of Germany and Czechoslovakia, the band 47-68 Mc/s is 
also allocated, on a secondary basis, to the fixed service and mobile, except aero- 
nautical mobile, service. 


In Albania, Bulgaria, Hungary, Poland, Roumania and the U.S.S.R., the band 
47-48-:5 Mc/s is also allocated, on a secondary basis, to the fixed and mobile 
services; the band 56-5-58 Mc/s is also allocated, on a secondary basis, to the fixed 
service. 


In Malaya, New Zealand and Singapore, the band 50-51 Mc/s is allocated 
to the fixed, mobile and broadcasting services. 


In India, Indonesia, Iran and Pakistan, the band 50-54 Mc/s is allocated to the 
fixed and mobile services. 


In Australia, the band 50-54 Mc/s is allocated to the fixed, mobile and broad- 
casting services; the band 56-58 Mc/s is allocated to the amateur service. 


In New Zealand, the band 51-53 Mc/s is also allocated to the fixed and mobile 
services; the band 53-54 Mc/s is allocated to the fixed and mobile services. 
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ART 5 Mc/s —E 
68 — 75.4 










Allocation to Services 











Region 1 Region 2 






Region 3 
















68 — 74-6 68 — 70 


FIXED FIXED FIxeD 


MOBILE except MOBILE 
aeronautical mobile 


MOBILE 


AERONAUTICAL 


BROADCASTING 
RADIONAVIGATION 
i8la 181b 18Ic 
70 — 74-6 
FIixeD 
MOBILE 

180e 18ic 183a 183b 





180 180a 180b 180c 180d | 74.6 75.4 
74-8 — 75-2 


AERONAUTICAL RADIONAVIGATION 
AERONAUTICAL 


RADIONAVIGATION 


184 


180 In the U.S.S.R., the bands 68-73 Mc/s and 76-87-5 Mc/s are allocated to the 
broadcasting service. The services to which these bands are allocated in other 
countries and the broadcasting service in the U.S.S.R. are subject to local agree- 
ment in order to avoid mutual harmful interference. 


180a In Austria, Belgium, France, Greece, Morocco and the United Kingdom, the 
band 68-70 Mc/s is also allocated to the aeronautical radionavigation service 
for ground-based transmitters only. 


180b In Albania, Bulgaria, Hungary, Poland, Roumania and Czechoslovakia, the 
bands 68-73 Mc/s (sound broadcasting) and 76-87-5 Mc/s (television) are also 
allocated to the broadcasting service. In these countries, broadcasting stations 
in these bands shall be established and operated only in accordance with agreements 
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18 


18 


1 





180c 


180d 


180e 


18la 


181b 


183a 


183b 


184 
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and associated plans, to be drawn up by a special regional conference to be held 
not later than 1 May 1960. In the preparation of plans for the broadcasting service 
and the associated agreement concerning the fixed and mobile services, account 
should be taken of the existing allocation to broadcasting in the U.S.S.R. and to 
the fixed and mobile services in other countries which may be affected. The plans 
and agreement shall have the object of ensuring that no harmful interference is 
caused between the broadcasting service and the fixed and mobile services. The 
countries: Albania, Austria, Bulgaria, Denmark, Greece, Hungary, Italy, Poland, 
F. R. of Germany, Yugoslavia, Roumania, Sweden, Switzerland, Czechoslovakia, 
at the U.S.S.R. and other interested countries shall participate in the con- 
erence. 


In Greece and the United Kingdom, the band 72-8-74-8 Mc/s is also allocated 
to the aeronautical radionavigation service for ground-based transmitters only. 


In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the bands 73-74-8 Mc/s and 75-2-76 Mc/s are also allocated to the 
aeronautical radionavigation service for ground-based transmitters only. 


In Region 2, the band 73-74-6 Mc/s may be used by the radio astronomy service. 
Administrations assigning frequencies to stations of services to which this band is 
allocated, should take all practicable measures to avoid harmful interference to 
radio astronomy observations. 


In Australia, the band 68-70 Mc/s is allocated to the fixed, mobile and broad- 
casting services; the band 85-88 Mc/s is allocated to the broadcasting and radio- 
navigation services. 


In China, the bands 68-70 Mc/s and 75-4-87 Mc/s are allocated to the fixed, 
mobile and broadcasting services; the band 100-108 Mc/s is allocated to the 
fixed and broadcasting services. 


In Korea, the band 68-72 Mc/s is also allocated to the broadcasting service; 
the bands 76-87 Mc/s and 100-108 Mc/s are allocated to the fixed, mobile and 
broadcasting services. 


In India, the bands 70-72-8 Mc/s and 76-85 Mc/s are also allocated to the 
broadcasting service, 


In North Borneo, Brunei, Sarawak, Singapore and Malaya, the band 72-8-74-6 
Mc/s is also allocated to the aeronautical radionavigation service; the band 
1C0-108 Mc/s is allocated to the fixed, mobile and broadcasting services. 


The frequency 75 Mc/s is assigned to aeronautical marker beacons. Admin- 
istrations shall refrain from assigning frequencies close to the limits of the guard- 
band to stations of other services which, because of their power or geographical 
position, might cause harmful interference to marker beacons. 
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Region 1 


75-2 — 87-5 


FIXED 


MOBILE except 
aeronautical mobile 


180 180b 180d 192a 


192b 192c 192d 
87-5— 106 


BROADCASTING 


192e 192f 


Mc/s 
75.2— 100 


Allocation to Services 


Region 2 


75-4— 88 


FIxeD 


MOBILE 


BROADCASTING 


88 — 100 


BROADCASTING 
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Region 3 


75-4— 78 


FIxeD 


MOBILE 


18ib 18lc 183a 192g 


78— 80 


FIXED 


MOBILE 


AERONAUTICAL 
RADIONAVIGATION 


181b 18l¢ 183a 192b 192g 


80— 87 
FIXED 


MOBILE 


1i8la 18lb 18lc 183a 
192b 192g 192h 


87— 100 
FIxeD 
MOBILE 


BROADCASTING 


18la 192h 192i 





19 


19 


19 


1s 


Is 
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In Belgium, Morocco and the United Kingdom, the band 78-80 Mc/s is also 
allocated to the aeronautical radionavigation service for ground-based transmitters 
only; in France this band is allocated to the radionavigation service. 


The band 79-75-80-25 Mc/s is also allocated in Regions 1 and 3 (except Korea, 
India and Japan) to the radio astronomy service. In making assignments to stations 
of other services to which this band is allocated, administrations are urged to take 
all practicable steps to protect radio astronomy observations from harmful inter- 
ference. The radio astronomy service shall be protected from harmful interference 
from services operating in other bands in accordance with the provisions of these 
Regulations, only to the extent that these services are protected from each other. 


In the United Kingdom, the band 82-87 Mc/s is also allocated to the radio- 
location service. 


In Nigeria, Sierra Leone and Gambia, the band 86-87-5 Mc/s is also allocated 
to the broadcasting service. 


In the United Kingdom, the band 87-5-88 Mc/s is also allocated to the land 
mobile service. 


In the United Kingdom, the band 95-100 Mc/s is also allocated, on a permitted 
basis, to the fixed and land mobile services. 


In Japan, the band 76-87 Mc/s is also allocated to the broadcasting service. 


In New Zealand, the band 83-88 Mc/s is also allocated to the radionavigation 
service; the band 100-108 Mc/s is allocated to the fixed and mobile services. 


In India, the band 87-100 Mc/s is allocated to the broadcasting service. 
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Mc/s 
100— 108 


Allocation to Services 


Region 1 Region 2 Region 3 


100 — 108 100 — 108 


MOBILE except 
aeronautical mobile (Rr) 


193 


193 


193a 193b 18ib 181c 183b 192h 194a 


In the Portuguese Overseas Provinces in Region 1 south of the equator, Rho- 
desia and Nyasaland, and the Union of South Africa and Territory of South West 
Africa, the band 100-108 Mc/s is allocated to the broadcasting service. 


In Austria, Belgium, Spain, Israel, Italy, Yugoslavia, Switzerland and, if neces- 
sary, in Denmark, the Netherlands and the F. R. of Germany, the band 100-104 
Mc/s is allocated on a permitted basis to the broadcasting service. The introduction 
of the broadcasting service in these countries is subject to special arrangements 
between the interested and affected administrations, to ensure that harmful 
interference is not caused to the services of the other countries operating in accord- 
ance with the Radio Regulations. 


In Denmark, Finland, Greece, Ireland, Iceland, Norway, the F. R. of Germany, 
Sweden and Turkey, the band 100-108 Mc/s is also allocated to the fixed service 
and the same allocation will also be made eventually in the Netherlands and the 
United Kingdom. In Italy and Yugoslavia, the band 104-108 Mc/s is also allocated 
to the fixed service. The effective radiated power of any station in the fixed service 
shall normally not exceed 25 watts. In case higher powers are used, the introduc- 
tion of the fixed service is subject to special arrangements between interested and 
affected administrations. 


In the Philippines, the band 100-108 Mc/s is also allocated to the fixed and 
mobile services. 
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Mc/s 
108 — 144 


Allocation to Services 
Region | Region 2 Region 3 
108 — 117-975 


AERONAUTICAL RADIONAVIGATION 


117-975 — 132 
AERONAUTICAL MOBILE (R) 


195 


132 — 136 132 — 136 


FixeD 
AERONAUTICAL MOBILE (R) 
MOBILE 195c 195d 
195a 195b 196 196a 


136 — 137 
SPACE 194b 


FIXED 

MOBILE 

EARTH-SPACE 194b 

195b 196a 196b 
137 — 144 137 — 144 137— 144 
AERONAUTICAL MOBILE (OR) | FIXED FIXED 


MoBILe MOBILE 


Radiolocation 
195b 196c 196d 196 196a 


194b For research purposes. 

195 The frequency 121.5 Mc/s is the aeronautical emergency frequency in this 
band; mobile stations of the maritime mobile service may communicate on this 
frequency for safety purposes with stations of the aeronautical mobile service. 

195a In certain countries of Region 1, the aeronautical mobile (OR) service will 
continue to operate for an unspecified period, on a primary basis. 
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In the Belgian Congo and Ruanda Urundi, Nigeria, Sierra Leone, Gambia, 
Portuguese Overseas Provinces in Region 1 south of the equator, Rhddesia and 
Nyasaland, and the Union of South Africa and Territory of South West Africa, 
the band 132-144 Mc/s is allocated to the fixed and mobile services. 


In Region 2, in the band 132-135 Mc/s, the aeronautical mobile (R) service 
shall operate on a primary basis subject to co-ordination between administrations 
concerned and those having services operating in accordance with the Table, which 
may be affected. 


In Region 3, in the band 132-136 Mc/s, which will eventually become exclusively 
allocated to the aeronautical mobile (R) service, frequency assignments to the 
aeronautical mobile service shall be co-ordinated between administrations con- 
cerned and shall be protected from harmful interference. 


In New Zealand, the bands 132-136 Mc/s and 137-144 Mc/s are allocated 
to the aeronautical mobile (OR) service. 


In Australia, the band 132-144 Mc/s is allocated to the aeronautical mobile 
(OR) service until 1 July 1963, after which date the band 132-146 Mc/s will be 
allocated to the broadcasting service and the band 148-150 Mc/s will be allocated 
to the amateur service. 


In the band 136-137 Mc/s, the aeronautical mobile (OR) service will be the 
primary service for as long as it continues to operate in this band. On discontinua- 
tion of this service, the space and earth-space services will be the primary services. 
In Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the U.S.S.R.., this 
band is allocated on a primary basis to the aeronautical mobile service. 


In Austria, the Netherlands and the United Kingdom, the band i37-144 Mc/s 
will, at some future date, be allocated to the fixed service and mobile, except 
aeronautical mobile, service. 


In Denmark, Greece, Norway, Portugal, F: R. of Germany, Sweden, Switzer- 
land and Turkey, the band 137-144 Mc/s is also allocated to the fixed service and 
mobile, except aeronautical mobile (R), service. 


In China, the band 137-144 Mc/s is also allocated to the radiolocation service. 
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Mc/s 
144— 174 


Allocation to Services 
Region 1 Region 2 Region 3 
144— 146 
AMATEUR 
196a 
146— 151 
AMATEUR 


FIXED 


199a 
MOBILE except 
aeronautical mobile (R) | y4g_.174 148— 170 


195a 197a 197b FIXED FIxeD 


151— 154 MOBILE MosBiLe 


FIXED 


MOBILE except 
aeronautical mobile (rR) 


Meteorological aids 


197a 197b 


154— 156 
FIXED 


MOBILE except 
aeronautical mobile (rR) 


197a 


156—174 196a 198 199b 


FIxeD - | 170—174 


MOBILE except FIXED 


aeronautical mobile MosiILe 


BROADCASTING 
197a 198 199 





194 
197a 


197b 
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In Rhodesia and Nyasaland and the Union of South Africa and Territory of 
South West Africa, the band 146-174 Mc/s is also allocated to the aeronautical 
mobile service. 


In Region 1, the band 150-153 Mc/s is also allocated to the radio astronomy 
service. In making assignments to new stations of other services to which this 
band is allocated, administrations are urged to take all practicable steps to 
protect radio astronomy observations from harmful interference. The radio 
astronomy service shall be protected from harmful interference from services 
operating in other bands in accordance with the provisions of these Regulations, 
only to the extent that these services are protected from each other. 


The frequency 156-8 Mc/s is the international safety and calling frequency 
for the maritime mobile VHF radiotelephone service. Administrations shall 
ensure that a guard-band of 75 kc/s on each side of the frequency 156-8 Me/s 
is provided. The conditions for the use of this frequency are contained in Article 35, 

In the bands 156-025-157-425 Mc/s, 160-625-160-975 Mc/s and 161-475-162-025 
Mc/s, each administration shall give priority to the maritime mobile service on 
only such frequencies as are assigned to stations of the maritime mobile service 
by that administration (see Article 35). 

Any use of frequencies in these bands by stations of other services to which they 
are allocated, should be avoided in areas where such use might cause harmful 
interference to the maritime mobile VHF radiotelephone service. 

In France, Morocco and Monaco, the band 162-174 Mc/s is allocated to the 
broadcasting service. 


In China, India and Japan, the band 146-148 Mc/s is also allocated to the fixed 
and mobile services. 


In New Zealand, the band 148-156 Mc/s is allocated to the aeronautical mobile 
(OR) service. 
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Mc/s 
174— 235 





























Allocation to Services 





Region 1 Region 2 

174— 216 174— 216 

FIXED 
BROADCASTING MOBILE 

BROADCASTING 
203a 203b 203c 203d 203d 203e 203 
216— 223 216 — 220 216— 225 
AERONAUTICAL P SERPS 

RADIONAVIGATION MobsILE 
Radiolocation 

BROADCASTING RADIOLOCATION 


204a 204b 204c 204d 205 | 220—225 


223-235 AMATEUR 
RADIOLOCATION 
AERONAUTICAL 206e 206f 206g 
RADIONAVIGATION —— 
Fixed 225 — 235 225 — 235 
Mobile FIXED FIXED 
MobBILE MOBILE 
AERONAUTICAL 
204c 204d 205 206a RADIONAVIGATION 





206b 206c 206d 


203a In the Union of South Africa and the Territory of South West Africa, the 
bands 174-181 Mc/s and 213-216 Mc/s are also allocated to the fixed and land 
mobile services. 


203b In the United Kingdom, the band 174-184 Mc/s is also allocated to the fixed 
service; the band 211-216 Mc/s is allocated to the broadcasting and aeronautical 
radionavigation services. 
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In Ethiopia, Kenya, Tanganyika, Uganda, Nigeria, Sierra Leone, Gambia, 
Rhodesia and Nyasaland, and Zanzibar, the band 174-216 Mc/s is also allocated 
to the fixed and mobile services. 


The band 183-6 Mc/s + 0-5 Mc/s is also allocated to the space and earth- 
space services for research purposes subject to causing no harmful interference. 


In India, the band 197-216 Mc/s, and in New Zealand, Pakistan and the 
Philippines, the band 200-216 Mc/s are also allocated to the aeronautical radio- 
navigation service. 


In Australia, the band 202-209 Mc/s is allocated to the aeronautical radio- 
navigation service. 


The aeronautical radionavigation service will be operated only in Denmark, 
Spain, France, Greece, Nigeria, the Netherlands, Portugal, the United Kingdom, 
Sweden, Turkey and the Union of South Africa and Territory of South West 
Africa. 

The broadcasting service will be introduced in such a way so as not to reduce 
the areas of coverage of the aeronautical radionavigation service of the above- 
mentioned countries existing on 21st December, 1959, or such lesser areas as may 
exist thereafter. The agreement of administrations concerned shall be obtained 
before new broadcasting stations are brought into operation which could cause 
harmful interference to the aeronautical radionavigation service. 

The administrations employing the aeronautica! radionavigation service shall not 
operate airborne equipment during flights over countries in which the band 
216-223 Mc/s is used exclusively for the broadcasting service. 


In Italy, the band 216-223 Mc/s is also allocated to the fixed service. 


In France and in Italy, the provisions of No. 204a concerning the introduction 
of the broadcasting service apply to the band 216-225 Mc/s. 


In the United Kingdom, the band 216-225 Mc/s is allocated to the aeronautical 
radionavigation and radiolocation services. The radiolocation service is a second- 
ary service. 


In Rhodesia and Nyasaland, the band 220-225 Mc/s is allocated to the amateur 


service. 


In Austria and Switzerland, the band 223-230 Mc/s is allocated on a permitted 
basis to the broadcasting service; the band 230-235 Mc/s is allocated to the fixed 
and mobile services. 


In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the band 223-230 Mc/s is allocated to the broadcasting service. The 
broadcasting service in these countries shall be introduced so as not to cause 
harmful interference to the aeronautical radionavigation service and broadcasting 
stations operating in this band shall be established only in accordance with agree- 
ments and associated plans to be concluded at the next European VHF/UHF 
Broadcasting Conference. 
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In the Union of South Africa and the Territory of South West Africa, the band 
223-235 Mc/s is also allocated to the broadcasting service and the provisions 
of No. 204a concerning the introduction of that service will apply to this band. 

In Nigeria, Sierra Leone and Gambia, the band 223-251 Mc/s is also allocated 
to the broadcasting service. 

In Indonesia, the band 216-222 Mc/s is allocated to the fixed, mobile ang 
broadcasting services. 

In Japan, the band 216-222 Mc/s is allocated to the broadcasting service. 

In China, Korea and the Philippines, the band 216-225 Mc/s is also allocated 
to the fixed and broadcasting services. 
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Mc/s 
235— 401 


Allocation to Services 


Region | Region 2 


235 — 328-6 


FIXED 


MOBILE 


206d 207a 207b 


328-6 — 335-4 


AERONAUTICAL RADIONAVIGATION 207c 


207b 


335-4 — 400 


FIXED 


MOBILE 


METEOROLOGICAL AIDS 
SPACE 194b 


EARTH-SPACE 194b 





209a 209aa 209b 





207a 


207b 


207c 
209a 


209aa 


209b 





11—52 


The frequency 243 Mc/s is the frequency in this band for use by survival craft 
stations and equipment used for survival purposes. 


Radio astronomy observations on the Deuterium line (322-329 Mc/s) are carried 
out in a number of countries under national arrangements. Administrations 
should bear in mind the needs of the radio astronomy service in their future 
planning of this band. 


Limited to Instrument Landing Systems (glide path). 


In Greece, Yugoslavia, and Sweden, the band 400-401 Mc/s is also allocated 
to the fixed and mobile services. 


In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the band 400-401 Mc/s is allocated to the fixed and mobile services. 


In the United Kingdom, the band 400-420 Mc/s is also allocated to the radio- 
location service ; however between 400 and 410 Mc/s the allocation to the radio- 
location service is on a secondary basis. 
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ART 5 Mc/s —E 
401 — 420 


Allocation to Services 
Region 1 Region 2 | Region 3 


401 — 406 
METEOROLOGICAL AIDS 


Fixed 


Mobile except aeronautical mobile 


209b 209c 209d 209 


406 — 420 
FIrxeD 


MOBILE except aeronautical mobile 


209b 209e 





209c In France, the band 401-406 Mc/s is allocated to the meteorological aids service. 


209d In Albania, Bulgaria, Greece, Hungary, Iran, Norway, Poland, Yugoslavia, 
Roumania, Sweden, Switzerland, Czechoslovakia, Turkey and the U.S.S.R., the 
band 401-406 Mc/s is also allocated, on a primary basis, to the fixed service and 
mobile, except aeronautical mobile, service. 


20%e The band 404-410 Mc/s in Regions 2 and 3, and the band 406-410 Mc/s in 
Region 1 are also allocated to the radio astronomy service. An appropriate 
continuous band within these limits shall be designated on a national or area 
basis. In making assignments to stations of other services to which these bands 
are allocated, administrations are urged to take all practicable steps to protect 
radio astronomy observations from harmful interference. The radio astronomy 
service shall be protected from harmful interference from services operating in 
other bands in accordance with the provisions of these Regulations, only to the 
extent that these services are protected from each other. 
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Me/s 
420 — 470 


Allocation to Services 
Region |! Region 2 Region 3 


420 — 430 420 — 450 


FIXED 


MOBILE except 
aeronautical mobile 


Radiolocation 


2lla 211b 
430 — 440 


AMATEUR RADIOLOCATION 


RADIOLOCATION Amateur 


21la 211b 21 1c 211d 21le 


440 — 450 


FIXED 


MOBILE except 
aeronautical mobile 


Radiolocation 


21la_ 211b 211a 211f 211g 


450 — 470 
FIXED 


MOBILE 
21la 
21la Radio altimeters may also be used, temporarily, in the band 420-460 Mc/s 


until they are able to operate in a band allocated to the aeronautical radionaviga- 
tion service or until they are no longer required. 
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~E 211b ~=In the United Kingdom, the band 420-450 Mc/s is allocated, on a primary basis, 
to the radiolocation service and on a secondary basis to the amateur service. 


21lc In Greece, Italy and Switzerland, the band 430-440 Mc/s is also allocated to 
the fixed service and mobile, except aeronautical mobile, service. 


211d ~=s In Austria, Portugal, the F. R. of Germany, Yugoslavia and Switzerland, the 
frequency 433.92 Mc/s is designated for industrial, scientific and medical purposes. 
Emissions must be confined within the limits of + 0.2% of that frequency. 

21le In Norway, the band 435-440 Mc/s is also allocated to the fixed service. 

211f In Indonesia, the band 420-450 Mc/s is also allocated, on a secondary basis, 
to the fixed service and mobile, except aeronautical mobile, service. 


211g In Australia, the band 420-450 Mc/s is also allocated to the fixed service until 
the frequency assignments in this band for the fixed service stations are trans- 
ferred to another band. 


Is 
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202 


ART 5 


Region | 
470 — 582 


BROADCASTING 


582 — 606 
BROADCASTING 


RADIONAVIGATION 


21th 211i 211j 211k 2111 


606 — 790 


BROADCASTING 
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Mc/s —E A 
470 — 942 


Allocation to Services 
Region 2 Region 3 
470 — 890 470 — 585 
BROADCASTING 


BROADCASTING 
211s 


585 — 610 


RADIONAVIGATION 


2lip 211it 2Ilu 


610 — 890 


2111 211m 211i 2110 211p FIXED 


790 — 890 


FIXED 


BROADCASTING 


2111 21lo 211lq 2l\ir 


890 — 942 


FIXED 
BROADCASTING 


Radiolocation 





2111 2110 211q 


1i—56 


MOBILE 


BROADCASTING 


2lIp 21tlv 2llw 
890 — 942 890 — 942 
FIxED FIxeD 


RADIOLOCATION MOBILE 


BROADCASTING 


Radiolocation 


2llw 
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ART 5 Mc/s —E 
942 — 960 










Allocation to Services 


Region 1 | Region 2 Region 3 
942 — 960 942 — 960 942 — 960 
FIXED FIXED FIXED 
BROADCASTING MosiLe 
BROADCASTING 





2111 2110 2I1q 


2liv 2liw 





211h In the United Kingdom, the band 582-606 Mc/s is allocated on a primary 


basis to the aeronautical radionavigation service and on a secondary basis to 
the radiolocation service. 


211i In Italy, the band 582-685 Mc/s is also allocated to the fixed service until 
January, 1965. 


211) In France and the F. R. of Germany, the band 582-606 Mc/s is allocated on a 
primary basis to the broadcasting service and on a secondary basis to the radio- 
navigation service. 


211k In Belgium, the band 582-685 Mc/s is allocated on a primary basis to the radio- 
navigation service and on a secondary basis to the broadcasting service. 


2111 In Israel, the band 582-960 Mc/s is also allocated to the fixed service and 
mobile, except aeronautical mobile, service. 


211m __iIn Region 1, the radionavigation service may continue to operate in the band 
606-610 Mc/s until the band is required for the broadcasting service. 


21lo In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the band 645-960 Mc/s is also allocated to the aeronautical radio- 
navigation service. 


21lp In Regions | and 3, the band 606-614 Mc/s may be used by the radio astronomy 
service until such time as it is required for use by other services to which this 
band is allocated. During this period administrations should take all practicable 
measures to avoid harmful interference to radio astronomy observations. 


211q In Region 1, stations of the fixed service using tropospheric scatter may operate 
in the band 790-960 Mc/s subject to arrangements between the administrations 
concerned and affected. Such operations in the band 790-860 Mc/s shall be on 
a secondary basis to those of the broadcasting service. 
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204 
21ir 


211s 
211t 


21ilu 


21ly 


2llw 


212 
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In Belgium, France and Monaco, the band 790-860 Mc/s is allocated to the 
broadcasting service. 


In Australia, the band 470-500 Mc/s is allocated to the fixed and mobile services, 


In China, Korea, Japan and the Philippines, the band 585-610 Mc/s is also 
allocated to the broadcasting service. 


In Australia, the band 585-610 M¢e/s is allocated on a primary basis to the 
broadcasting service and on a secondary basis to the radionavigation service. 


In Australia, the band 610-820 Mc/s is allocated to the broadcasting service; 
the bands 820-890 Mc/s and 942-960 Mc/s are allocated to the fixed service. 


In India and Pakistan, the band 610-960 Mc/s is allocated to the broadcasting 
service. 


In Region 2, the frequency 915 Mc/s is designated for industrial, scientific and 
medical purposes. Emissions must be confined within the limits of + 25 Mc/s of 
that frequency. Radiocommunication services operating within those limits must 
accept any harmful interference that may be experienced from the operation of 
industrial, scientific and medical equipment. 
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ART 5 
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Me/s —E 
960— 1 350 


Allocation to Services 


Region 1 Region 2 


960 — 1 215 


AERONAUTICAL RADIONAVIGATION 


214a 


1215— 1300 





214a 


215 
215a 


215b 


215¢ 


218a 


218b 


218¢ 


RADIOLOCATION 
Amateur 


215 215a 215b 215Sc 


AERONAUTICAL RADIONAVIGATION 218a 
Radiolocation 


218b 218c 


The bands 960-1 215 Mc/s, 1 535-1 660 Mc/s, 4 200-4 400 Mc/s, 5 000-5 250 Mc/s 
and 15-4-15-7 Gc/s are reserved on a world-wide basis for the use and development 
of airborne electronic aids to air navigation and any directly associated ground- 
based facilities. 

In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the band 1 215-1 300 Mc/s is also allocated to the fixed service. 

In Belgium, France, Norway, the Netherlands, Portugal and Sweden, the band 
1 215-1 300 Mc/s is also allocated to the radionavigation service. 

In China, India, Indonesia, Japan, Pakistan, Portuguese Overseas Provinces in 
Region 1 south of the equator, and in Switzerland, the band 1 215-1 300 Mc/s is 
also allocated to the fixed ari¢ mobile services. 

In the F. R. of Germany, the band 1 250-1 300 Mc/s is allocated to the amateur 
service. 

The use of the bands 1 300-1 350 Mc/s, 2 700-2 900 Mc/s and 9 000-9 200 Mc/s 
by the aeronautical radionavigation service is restricted to ground-based radars 
and, in the future, to associated airborne transponders which transmit only on fre- 
quencies in these bands and only when actuated by radars operating in the same 
band. 


In the United Kingdom, the band 1 300-1 350 Mc/s is allocated to the radio- 
location service. 

In Albania, Austria, Bulgaria, Hungary, Indonesia, Poland, Roumania, Sweden, 
Switzerland, Czechoslovakia and the U.S.S.R., the band 1 300-1 350 Me/s is also 
allocated to the fixed and mobile services. 
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ART 5 Mc/s —E 
1 350— 1 535 


Allocation to Services 








Region 1 Region 2 Region 3 

1 350 — 1 400 1 350— 1 400 
FIXED 
MoBsILE RADIOLOCATION 
RADIOLOCATION 
218d 218d 
1 400 — 1 427 

RADIO ASTRONOMY 

218¢e 
1 427—1 429 

SPACE 194b 

FIXED 

MOBILE except aeronautical mobile 

EARTH-SPACE 194b 
1 429— 1535 1 429—1 435 1 429—1 535 
FIXED FIXED FIxep 
MOBILE. except MOBILE MOosiLe 

aeronautical mobile 
1 435—1 535 
MosiLe 


218d In Region 2 and Albania, Bulgaria, Hungary, Poland, Roumania, ‘Czecho- 


slovakia and the U.S.S.R., the existing installations of the radionavigation service 
may continue to operate, temporarily, in the band 1 350-1 400 Me/s. 


In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the band 1 400-1 427 Mc/s is also allocated to the fixed service and the 
mobile, except aeronautical mobile, service. 
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ART 5 


1535 


218f 


218g 


218h 
218i 
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Mc/s —E 
1 535— 1 700 


Allocation to Services 
Region 1 Region 2 Region 3 


— 1 660 
AERONAUTICAL RADIONAVIGATION 


214a_ 218f 218g 


METEOROLOGICAL AIDS 


FIXED 


MOBILE except aeronautical mobile 


218h = 218i 





In Italy, the band 1 535-1 600 Mc/s is allocated to the fixed service. However, 
when the aeronautical radionavigation systems in the band | 535-1 600 Me/s 
have developed further, Italy will examine the possible extension of the use of 
this band in Italy to the aeronautical radionavigation service. 

In Albania, Austria, Bulgaria, Hungary, Indonesia, Poland, the F. R. of Ger- 
many, Roumania, Czechoslovakia and the U.S.S.R., the band 1 535-1 660 Mc/s 
is also allocated to the fixed service. 

In Austria and in Finland, the meteorological aids service is the prirnary service. 

In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the bands 1 660-1690 Mc/s, 3 165-3 195 Mc/s, 4800-4810 Me/s, 
5 800-5 815 Mc/s and 8 680-8 700 Mc/s are also used for radio astronomy obser- 
vations. 
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208 


ART 5 


Region 1 
1 700— 1710 
FIXED 


Space 
Mobile 
Earth-space 194b 


219a 
1710—2 290 
FIXED 

Mobile 

219b 


2 290 — 2 300 

FIxED 

Space 

Mobile 

Earth-space 194b 


219a 


Mc/s 
1 700— 2 300 
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Allocation to Services 


Region 2 


1 700— 1710 


1710— 2 290 


FIXED 
MosiLe 
Space 
Earth-space 


FIXED 
MOosiLe 
Space 
Earth-space 


194b 
194b 


194b 
194b 


219a In Region 1, the bands 1 700-1 710 Mc/s and 2 290-2 300 Mc/s, are allocated 
on a secondary basis to the space and earth-space services subject to causing no 


harmful interference to the other services to which these bands are allocated. 


219b In Switzerland, the band 1 710-2 290 Mc/s is allocated to the fixed service 
and the mobile, except aeronautical mobile, service. 
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ART 5 Mc/s —E 


2 300 — 2 450 


Allocation to Services 


Region 1 Region 2 


2 300 — 2 450 2 300 — 2 450 


FIXED RADIOLOCATION 


Amateur Amateur 


Mobile Fixed 


Radiolocation Mobile 





220 220a 220b 220 220c 


220 


The frequency 2 450 Mc/s is designated for industrial, scientific and medical 
purposes except in Albania, Bulgaria, Hungary, Poland, Roumania, Czecho- 
slovakia and the U.S.S.R., where the frequency 2 375 Mc/s is used. Emissions 
must be confined within + 50 Mc/s of the frequencies designated. Radiécom- 
munication services operating within these limits must accept any harmful inter- 
ference that may be experienced from the operation of industrial, scientific and 
medical equipment. 

In the United Kingdom, the band 2 300-2 450 Mc/s is allocated on a primary 


basis to the radiolocation service and on a secondary basis to the amateur, 
fixed and mobile services. 


In the F. R. of Germany, the band 2 300-2 350 Mc/s is allocated to the amateur 
service and this service is excluded from the band 2 350-2 450 Mc/s. 


In India, Japan and Pakistan, the band 2 300-2 450 Mc/s is allocated on a 
primary basis to the fixed, mobile and radiolocation services, and on a secondary 
basis to the amateur service. 
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ART 5 Melis —E 
2 450— 2 700 


Allocation to Services 
Region 2 
2 450— 2 550 


FIXED FIXED 


MosiLe MOBILE 


Radiolocation RADIOLOCATION 


220 221a 220 


2 550 — 2 700 
FIXED 


MOBILE 





221b 22ilc 221d 22ile 


221a In France and the United Kingdom, the band 2 450-2550 Mc/s is allocated 
on a primary basis to, the radiolocation service and, on a secondary basis, to. the 
fixed and mobile services. 


221b In the United Kingdom, the radiolocation service may operate in the band 
2 550-2 600 Mc/s, provided no harmful interference is caused to tropospheric 
scatter systems, 


221c In the F. R. of Germany, the band 2 550-2 700 Mc/s is allocated to the fixed 
service. 


221d In Region 1, tropospheric scatter systems may operate in the band 2 550- 
2700 Mc/s under arrangements concluded between administrations concerned 
and those having services operating in accordance with the Table, which may be 
affected. 


221e The bands 2 690-2 700 Mc/s and 4990-5 000 Mc/s are also allocated to the 
radio astronomy service. In making assignments to stations of other services 
to which these bands are allocated, administrations are urged to take all practicable 
steps to protect radio astronomy observations from harmful interference. The 
radio astronomy service shall be protected from harmful interference from ser- 
vices Operating in other bands in accordance with the provisions of these Regula- 
tions, only to the extent that these services are protected from each other. 


11—64 





RADIO FREQUENCY CONTROL 211 


ART 5 Mc/s —E 
2 700 — 3 300 


Allocation to Services 


Region 1 Region 2 Region 3 


2 700 — 2 900 
AERONAUTICAL RADIONAVIGATION 218a 


Radiolocation 


222a 


RADIONAVIGATION 223a 


Radiolocation 


RADIOLOCATION 





218i 223b 223c 


In the band 2 700-2 900 Mc/s ground-based radars used for meteorological 


purposes are authorized to operate on the basis of equality with stations of the 
aeronautical radionavigation service. 


223a The use of the band 2 900-3 100 Mc/s by the aeronautical radionavigation 
service is limited to ground-based. radars. 


In Albania, Austria, Belgium, Bulgaria, Hungary, Poland, Roumania, Sweden, 
Switzerland, Czechoslovakia and the U.S.S.R., the band 3 100-3 300 Mc/s is 
also allocated to the radionavigation service. 


In the band 3 100-3 300 Me/s, existing racons and shipborne radars in merchant 
ships may operate within the band 3 100-3 266 Me/s. 


F 
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Melis 
3 300—4 200 


Allocation to Services 
Region | Region 2 
3 300 — 3 400 3 300 — 3 500 


RADIOLOCATION RADIOLOCATION 


224a 224b Amateur 


3 400 — 3 600 224¢ 


3 500 — 3 700 3 500 —3 700 
FIXED 


MOBILE FIXED RADIOLOCATION 
Radiolocation MOBILE Fixed 


224d 224e 224f 224g| RADIOLOCATION Mobile 
3 600 — 4 200 224h 224i 


FIXED 


Mobile 


In Albania, Austria, Bulgaria, Hungary, Poland, Portugal, Roumania, Switzer- 
land, Czechoslovakia and the U.S.S.R., the band 3 300-3 400 Mc/s is also allocated 
to the radionavigation service. 


In Austria, Greece, Norway, the Netherlands, Portugal and Sweden, the band 
3 300-3 400 Mc/s is also allocated to the fixed and mobile services. 


In China, India, Indonesia, Japan and Pakistan the band 3 300-3 500 Mc/s is 
also allocated to the fixed and mobile services. 


In Austria, the band 3 400-3 600 Mc/s is also allocated to the radionavigation 
service. 


In Denmark and Norway, the fixed, mobile and radiolocation services operate 
on a basis of equality in the band 3 400-3 600 Mc/s. 
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In the United Kingdom, the band 3400-3 770 Mc/s is allocated to the radio- 
location service. 

In Austria, Israel, Netherlands, F. R. of Germany and the United Kingdom, the 
band 3 400-3 475 Mc/s is also allocated, on a secondary basis, to the amateur 
service. 

In China and Japan, the band 3 500-3 700 Mc/s is allocated on a primary 
basis to the fixed and mobile services. 

In Japan, in the band 3 620-3 700 Mc/s, the radiolocation service is excluded. 

In Australia, the band 3 700-3 770 Mc/s is allocated to the radiolocation service. 

In India, the band 3 850-4 150 Mc/s is also allocated to the radiolocation service. 
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ART 5 Mc/s —E 
4200— 5 000 


Allocation to Services 


Region 1 Region 2 Region 3 





4 200 — 4 400 
AERONAUTICAL RADIONAVIGATION 


214a 225 225a 225b 
4 400 — 5 000 


FIXED 


MOBILE 


218i 221e 





225 In China and the Philippines, the band 4 200-4 400 Mc/s is also allocated, 
on a secondary basis, to the fixed service. 


225a In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the band 4 200-4 400 Mc/s is also allocated to the fixed and mobile 
services subject to causing no harmful interference to the aeronautical radio- 
navigation service used by aircraft on international air routes in these countries, 
225b In Austria, Denmark, Norway, the F. R. of Germany, Sweden and Switzerland, 


the band 4 200-4 210 Mc/s is also allocated, on a secondary basis, to the fixed 
service. 
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ART 5 Mc/s —E 
5 000— 5/470 


Allocation to Services 


Region 2 


AERONAUTICAL RADIONAVIGATION 


214a 


RADIOLOCATION 
Space 194b 
Earth-space 194b 


226a 


5 255—5 350 
RADIOLOCATION 


226a 


AERONAUTICAL RADIONAVIGATION 226b 
Radiolocation 

5 460 — 5 470 
RADIONAVIGATION 226b 


Radiolocation 





226a In Albania, Austria, Bulgaria, Hungary, Poland, Roumania, Sweden, Switzer- 
land, Czechoslovakia and the U.S.S.R., the band 5 250-5 350 Mc/s is also allocated 
to the radionavigation service. 


226b The use of the band 5350-5470 Mc/s by the aeronautical radionavigation 
service is limited to airborne radars and associated airborne beacons. 


1i—69 





216 


ART 5 
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Mc/s —E 
5 470—5 925 


Allocation to Services 


Region 1 Region 2 


5 470 —5 650 





226c 


227a 


227b 


227c 


MARITIME RADIONAVIGATION 


Radiolocation 


226c 226d 


RADIOLOCATION 


Amateur 


218i 227a 227b 227c 228 
5 850— 5 925 5 850— 5 925 
RADIOLOCATION FIXED 
Amateur MoBILE 
Radiolocation 


228 


In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the band 5 470-5 650 Mc/s is also allocated to the aeronautical radio- 
navigation service. 


Between 5 600 and 5 650 Mc/s, ground-based radars used for meteorological 
purposes are authorized to operate on the basis of equality with stations of the 
maritime radionavigation service. 


In the F. R. of Germany, the band 5 650-5 775 Mc/s is allocated to the amateur 
service and the band 5 775-5 850 Mc/s is allocated to the fixed service. 


In China, India, Indonesia, Japan and Pakistan the band 5 650-5 850 Mc/s 
is also allocated to the fixed and mobile services. 


In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the band 5 800-5 850 Mc/s is allocated to the fixed and mobile services. 


The frequency 5 800 Mc/s is designated for industrial, scientific and medical 
purposes. Emissions must be confined within the limits of + 75 Mc/s of that 
frequency. Radiocommunication services operating within those limits must 
accept any harmful interference that may be experienced from the operation of 
industrial, scientific and medical equipment. 
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ART 5 Mc/s —E 
5 925—8 500 


Allocation to Services 


Region 2 


FIXED 


MosiLe 


229a 229b 229c 


FIXED 

MOBILE 

Space 194b 
Earth-space  194b 


229¢ 


229a In India, the band 6 000-6 500 Mc/s is also allocated to the radiolocation service. 
229b In Italy, the band 6 275-6 575 Mc/s is also allocated to the radiolocation service. 


229¢ In Australia and the United Kingdom, the band 8 250-8 500 Mc/s is allocated 
to the radiolocation service; the band 8 400-8 500 Mc/s is also allocated, on a 
secondary basis, to the space and earth-space services for research purposes. 
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ART 5 Mc/s —E 
8 500 — 9 000 


Allocation to Services 


Region 2 Region 3 


RADIOLOCATION ) 


218i 229d 


RADIOLOCATION 


AERONAUTICAL RADIONAVIGATION 229e 


229f 


RADIOLOCATION 





229f 229g 


229d In Albania, Austria, Bulgaria, Hungary, Poland, Roumania, Sweden, Czecho- 
slovakia and the U.S.S.R., the band 8500-8 750 Mc/s is also allocated to the 
radionavigation service. 


229e The use of the band 8 750-8 850 Mc/s by the aeronautical radionavigation service 
is limited to airborne Doppler navigation aids on a centre frequency of 8 800 Mc/s. 


229f In Belgium, France, the Netherlands and the F. R. of Germany, the band 
8 825-9 225 Mc/s is also allocated to the maritime radionavigation service for use 
by shore-based radars. 


229g In Albania, Austria, Bulgaria, Hungary, Poland, Roumania, Sweden, Switzer- 
land, Czechoslovakia and the U.S.S.R., the bands 8 850-9 000 Mc/s, 9 200-9 300 
Mc/s and 9 500-9 800 Mc/s are also allocated to the radionavigation service. 
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ART 5 Mc/s —E 
9 000 — 10 500 


Allocation to Services 


Region 1 Region 2 


9 000— 9 200 AERONAUTICAL RADIONAVIGATION 218a 


Radiolocation 
229f 


RADIOLOCATION 
229f 229g 


RADIONAVIGATION 
Radiolocation 
230a 


RADIOLOCATION 
229g 


RADIOLOCATION 
Fixed 
230b 230c 

10 000 — 10 500 
RADIOLOCATION 
Amateur 
230d 230e 





2 


The use of the band 9 300-9500 Mc/s by the aeronautical radionavigation 
service is limited to airborne weather radars, and ground-based radars. In this 
band ground-based radars used for meteorological purposes have priority over 
other radiolocation devices. 

In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the band 9 800-10 000 Mc/s is also allocated to the fixed and radio- 
navigation services. 

In India, Indonesia, Japan and Sweden, the fixed and radiolocation services 
operate on a basis of equality in the band 9 800-10 000 Mc/s. 

In Japan and Sweden, the band 10 000-10 500 Mc/s is also allocated to the 
fixed and mobile services. 

In the F. R. of Germany and Switzerland, the band 10 000-10 250 Mc/s is also 


allocated to the fixed and mobile services; the band 10 250-10 500 Mc/sis allocated 
to the amateur service. 


$23 8 
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ART 5 


10-5 — 10-55 
FIXED 
MOBILE 
Radiolocation 


10-55 — 10-7 


10-7 — 11-7 


11-7 — 12-7 


12-7 — 13-25 


Ge/s 


10-5 — 13-25 


10-5—10-55 


FrxeED 


MOBILE except aeronautical mobile 


BROADCASTING 


231a Limited to continuous wave systems. 


231b The bands 10-68-10-7 Ge/s, 15-35-15.4 Gc/s, 19-3-19-4 Ge/s and 31-3-31-5 Ge/s 
are also allocated to the radio astronory service. In making assignments to 
stations of other services to which these bands are allocated, administrations 
are urged to take all practicable steps to protect radio astronomy observations 
from harmful interference. The radio astronomy service shall be protected 
from interference from services operating in other bands in accordance with the 
provisions of these Regulations, only to the extent that these services are protected 


from each other. 
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ART 5 Ge/s —E 
13-25 — 15-4 


Allocation to Services 


Region | Region 2 Region 3 


13-25 — 13-4 
AERONAUTICAL RADIONAVIGATION 


23lc 231d 


RADIOLOCATION 


231d 23le 23if 


RADIONAVIGATION 
231d 


14-4— 15-15 
FIXED 
MosiLe 


15-15— 15-25 


15-25 — 15-4 





231c Limited to Doppler navigation aids. 


231d In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the 
U.S.S.R., the bands 13-25-13-5 Gc/s, 14-175-14-4 Ge/s, 15-4-17-7 Gc/s, 21-22 Ge/s, 
23-24-25 Ge/s and 33-4-36 Gc/s are also allocated to the fixed and mobile services. 


23le In Sweden, the bands 13-4-14 Gc/s, 15-7-17-7 Ge/s, 23-24-25 Gc/s and 33-4- 
36 Gc/s are also allocated to the fixed and mobile services. 


231f In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia, and the 
U.S.S.R., the band 13-5-14 Gc/s is also allocated to the radionavigation service. 
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ART 5 Ge/s —E 
15-4 — 24-25 


Allocation to Services 
Region 1 Region 2 


15-4— 15.7 
AERONAUTICAL RADIONAVIGATION 


214a 231d 


15°7 —17°7 
RADIOLOCATION 


231d 23le 


FIXED 


MOBILE 


231b 


AMATEUR 


231d 


FIXED 


MOBILE 


23lg 


RADIOLOCATION 


231d 23le 





231g The frequency 22-125 Ge/s is designated for industrial, scientific and medical 





purposes. Emissions must be confined within the limits of + 125 Mc/s of that 2 
frequency. Radiocommunication services operating within those limits must 
accept any harmful interference that may be experienced from the operation of 
industrial, scientific and medical equipment. 2 
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ART 5 


Gc/s 
24-25— 40 


223 





Region 1! 


24-25 — 25-25 


Allocation to Services 


Region 2 


RADIONAVIGATION 


23h 231i 


Region 3 





25-25 — 31-5 


31-5— 31-8 


231h 


231i 


FIxeED 


MosBILe 


231b 


SPACE 194b 


EARTH-SPACE 194b 


Fixed 
Mobile 


RADIONAVIGATION 


RADIOLOCATION 


231d 23le 231i 


FIxeD 


MobsiLe 


(Not allocated) 





In the band 24 25-25-25 Gc/s, ground-based radionavigation aids are not 
permitted except where they operate in cooperation with airborne or shipborne 


radionavigation devices. 


In Japan, the bands 24-25-25-25 Gc/s and 33-4-36 Ge/s are also allocated to the 
meteorological aids service. 
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Appenpix H 


NATIONAL AERONAUTICS AND SpacE ADMINISTRATION, 
Washington, D.C., March 11, 1960. 


PIoNEER V, Space CoMMUNICATIONS SATELLITE 


DESCRIPTION OF PAYLOAD 


This U.S. launching will attempt to place a 90-pound “planet” in orbit around 
the Sun between Earth and its inboard planetary neighbor, Venus. 

If the Thor-Able booster performs as programed, the spherical 26-inch payload 
will have a 295-day ‘‘year’’ in its journey around the Sun. 

The beachball-sized aluminum package carries five prime scientific experiments, 
among them a 150-watt output transmitter Eelenet, to permit communications 
between Earth and payload at distances of up to 50 million miles. The trans- 
mitter is believed to be the most powerful ever flown in deep space—roughly 20 
times more powerful than any U.S. experimental space transmitter to date. 

The same spacecraft had been scheduled for a mid-December launching but was 
“‘secrubbed’”’ 36 hours before launch time due to electronic component failures. 
The trouble was traced to converters, units which amplify or modify a given 
voltage to make it acceptable for a payload circuit. Since then the payload has 
undergone a thorough reevaluation and has passed a variety of additional vibra- 
tion and space environment tests, as well as extensive checkout procedures. 

The launch is the third in a series of paddle wheel payload flights. They include 
Explorer VI, launched August 7, 1959, into a highly elliptical Earth orbit, and an 
Atlas-Able space probe which failed 45 seconds after launch on November 26, 1959, 
when its nose fairing broke away prematurely. 

NASA contracted for the series in November 1958 with the Air Force Ballistic 
Missile Division (ARDC). In turn, AFBMD subcontracted with Space Tech- 
nology Laboratories, Inc., of Los — with STL providing overall system 
integration and payload packaging. In all, some 50 subcontractors, including 
universities and companies, have had a part in the series. 

The Thor-Able booster in this launch is 90 feet tall, the same three-stage rocket 
combination that powered Explorer VI into a 26,400 by 157-mile Earth orbit. 
This time the booster will have to propel the payload 3, miles an hour faster 
than Explorer VI—or about 25,000 miles an hour at third stage burnout—if the 
probe is to get into its planned orbit. 

The extra velocity will be obtained by regulating the rocket engines to burn a 
few seconds longer than in the Explorer VI launch and by reducing the payload 
weight. Explorer VI weighed 142 pounds; the probe, 90 pounds. 

is probe carries no “kick’’ rocket or hydrazine engine, as did Explorer VI and 
the Atlas-Able package, respectively. The reason is the probe’s mission doesn’t 
require any velocity er or slowdowns; if it has the initial velocity it needs, 
the probe will do its job. The probe experiments are much the same as those on 
the earlier two paddle wheel payloads only there are fewer of them because of the 
i limitation. 
he probe is designed to describe a 506-million-mile path around the Sun. Its 
trajectory should carry it to the Earth’s orbit.at aphelion ( test distance from 
the Sun). At perihelion (closest distance to the Sun), it should briefly intersect 
Venus’ orbit. 

Would it impact Venus or Earth? Not for more than a million years in the 
case of Venus, the astronomers say. And in the case of Earth, not for roughly 
100,000 years. If it ever did get close to Earth, the probe would be burned up 
on reentry just as are Earth satellites which fall back into the Earth’s atmosphere. 

The reason behind the longer odds on a Venus impact is that the probe’s plane 
would differ slightly from that of Venus. Also the probe’s orbital s around 
the Sun mak Ge different from that of both Venus and Earth: 71, miles an 
—_ ? the probe; 78,000 miles an hour for Venus and 66,000 miles an hour for 

arth. 
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But the simplest barring a Venus or Earth impact is the fact that when the 
probe intersects the planets’ orbital paths, Venus and Earth will be elsewhere in 
their endless races around the Sun. And vice versa. 

This — mission differs from ie successful Sun-orbiting probes—both the 
Soviet Union’s Lunik I (January 2, 1959) and the U.S. Pioneer [V (Mareh 3, 
1959)—in that this kage is to be put inside the Earth’s orbit. Lunik I and 
Pioneer IV are in orbits between the h and its outboard neighbor, Mars. 

To get in such an orbit, this probe will be launched in the morning. As the 
rocket nears Earth escape velocity (25,200 miles an hour or, precisely, 7 miles per 
second), it will follow the curve and directional spin of the Earth. When it 
escapes, the probe immediately will be swept into a Sun orbit by the Sun’s gravi- 
tational force and run counterclockwise around the Sun like the rest of the planets. 

Imagine viewing the launch from a stationery platform high above Harth and 
Venus. The Sun would have just come up on Cape Canaveral. The probe 
would pull away from the cape, turn and follow the Earth’s curve toward the Sun 
as it gained velocity. On escaping the Earth’s pull, the probe would be pulled 
obliquely away from the Earth by the Sun and into its own orbit. 

Another example would be to look down on two trackmen running in the same 
outside lane of a circular banked track. Then one of the runners cuts to an inner 
lane—in effect, what the probe does. 

The probe should find itself in a 506-million-mile track, taking 295 days. The 
Earth traces out a 584-million-mile path in 365 days while Venus covers a 422- 
million-mile circuit in a 225-day year. 

The probe’s precise orbit will be determined by its burnout launch velocity. It 
must be going nearly 25,200 miles an hour to get away from Earth. To get into 
the programed orbit, it'must be going slightly faster. Velocity in excess of that 
programed would make its orbit more eliptical, less would make the orbit more 
circular. Slightly less than escape velocity would produce an Earth satellite in an 
Explorer VI—type orbit. 

he farthest the probe could ever be from Earth—on the planned trajectory— 
would be some 186 million miles. The closest could be several undred thousand 
miles, within the next deeade. 

The powerful 150-watt UHF transmitter aboard may it Earth-probe con- 
tact for the first few months of the flight, to distances of up to 50 million miles, 
its STL designers believe. 

To get some idea of the great distances involved, a radio signal transmitted 
over the 50-million-mile route would take omen g four and a half minutes 
to make the trip. That’s because radio signals travel at et of light— 
186,000 miles per second. At that distance, the probe itself w have traveled 
about 5,300 miles during the radio signal transit time. Similarly, the Earth 
would have covered about 4,900 miles. 

In order to get as precise information as possible on the orbit, the probe’s signals 
will have to be plotted most exactly on the early phase of the flight. These ear! 
signals will come from a payload trans er which receives a signal from Fart 
tracking stations and bounces it right k by rebroadcasting it. 

Also in the early part of the flight, a 5-watt transmitter will be used to read out 
experiment data. After the probe gets more than several million miles from Earth, 
the 5-watt transmitter will be used to read out experiment data. After the probe 
gets more than several million miles from Earth, the 5-watt unit will become a 
booster amplifier for the 150-watt transmitter which from that point on will be 
the sole io contact. 

There are several reasons for the powerful transmitter which has an output 20 
times greater than any transmitter the United States has flown in space experi- 
ments. One reason is to demonstrate the feasibility of long-range space com- 
munications. Another involves a new method of measuring astronomical distances. 

To date, the distances within the universe have been through basic 
laws of physics governing bodies in motion and ting ms against seem- 
ingly stable, distant stars. To astronomers, the ¢ unit of measurement is the 
AU or astronomical unit—the mean distance between Earth and Sun or approxi- 
mately 93 million miles. 

Most scientists that this measurement is accurate to only plus or minus 
50,000 miles. While this tolerance may seem small when dealing with millions 
and billions of miles, it is important to future space missions to have more A meyer 
values. Successful long-range communication with this payload will surely add 
to our spatial measurement knowl . The scientists should be able to tri- 
es between Earth and several signal plots from the probe to give us new 
values. 
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The transmitter, associated electronics, batteries and solar cell power supply 
make up more than half the probe’s total weight, 50 of its overall 90 pounds. 

The power requirements of the 150-watt transmitter will make it possible to 
communicate at great distances with the payload only 5 minutes out of 5 hours. 
During the intervening period, solar cells will recharge the payload’s nickel- 
cadmium batteries. Presently the distance record for deep space communication 
is held by Pioneer IV. Tracking stations stayed in contact with that probe out to 
407,000 miles before its batteries went dead more than 80 hours after launch. 
Pioneer IV did not contain solar cells. 

The probe’s paddle wheels—four jutting from the sphere’s equator as in the 
earlier flights—will be somewhat smaller, about 18 by 14 inches, and carry fewer 
energy-converting silicon solar cells—4,800 cells as opposed to Explorer VI’s 
8,000 cells. This is partly because of design and weight limitations. Another 
factor is that the solar cells should get 30:to 40 percent more intense solar ene 
because the probe will be flying closer to the Sun. From tip to tip, the paddle 
span is about four and a half feet. 

During !aunch, the paddles ride folded down about the base of spherical payload 
under an 8-foot plastic nose fairing covering payload and third stage. onds 
before the second stage burns out, the fairing will be jettisoned when explosive 
fasteners are triggered. The fairing is the same as the one flown successfully in the 
Explorer VI launch. 

conds after the fairing blows away, a line holding down the paddles is released. 
Springs in the paddle arms will then force the pad upward until they lock in 
place, each slightly canted to receive a maximum of sunlight. 

Guidance also is important to the success of any space mission. In the early 
part of the flight, guidance units in the first and second stages of the Thor-Able 
will steer the vehicle. Programed autopilots will take care of routine flight 
corrections. But additional commands can be radioed to the second stage guidance 
package to take care of more difficult turns and course corrections. 

Course changes are accomplished by gimballing the thrust chambers which 
changes the direction of the thrust. . 

The third stage contains no active guidance but maintains the course given it by 
the second stage. It does so by having been ‘“‘spun up” by six small spin rockets 
about the base of the second stage. These spin rockets fire laterally and make the 
upper stages spin at the rate of 120 revolutions per minute. The effect is the same 
as the rifling grooves in a gun barrel. 

Payload and third stage are separated by a timer which actuates a spring, 
foreing the two apart. 

Precise tracking information on the flight of the first two stages as well as the 
payload will be furnished by lightweight transponders, 

he change in the frequency or tone of the transponder signal can be calibrated 
with high accuracy. This tells how fast the stage or payload is going. That 
information is run through a eomputer on the ground which produces, in a matter 
of seconds, the proper guidance com 

The payload is instrumented to get some basic measurements: radiation read- 
ings, magnetic fields in space, the action of gaseous ‘‘clouds’’ of plasma floating 
through space, micrometeorite activity and solar flare effects. 

The temperature control system is based on the heat absorbing and reflecting 
qualities of light and dark surfaces. This accounts for the special paint pattern 
on the skin of the ayload. The internal payload temperature should stay be- 
tween 30° F. and F. The external temperature will vary several hundred 
> above and below zero degrees Fa . 

nlike the earlier die wheel payloads, this package does not carry a TV-like 
scanning device. e reasons are, again, weight limitation plus the fact that 
the probe will never be close enough to any major body in s to photograph it. 

ithin the sphere, the experiments and electronics are bolted to a reinforced 
plastic flooring across tife waist. The experiments include: 


HIGH-ENERGY RADIATION COUNTER 


This is a 5-pound radiation device, developed by the University of Chicago, 
which is to measure high-energy or “hard” radiation, particularly those hurled 


into space by the Sun. Since no probe has flown so close to the Sun, the scientists 
don’t know precisely what to expect—which is the primary motivation behind 

all scientific space experiments. 
The package consists of six aren gas-filled cylinders ranged around a seventh 
uding a thin lead shielding, measures about 2 


cylinder. The total bundle, inc 
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inches square. Inbound particles will ionize the gas in the tiny eylinders to 
create an electrical blip as they penetrate one or more cylinders—depending on 
their potency. A similar instrument in Explorer VI tentatively located a band 
of hitherto undetected high-energy radiation near the inner edge ot the Earth’s 
great radiation belt. 


TOTAL RADIATION FLUX 


An ionization chamber and a Geiger-Mueller tube will be used to measure the 
total radiation flux encountered. y are particularly sensitive to medium 
energy radiation. These instruments were supplied by the University of Min- 


nesota. 

The gas-filled ion chamber is to provide particle energy information and the 
Geiger-Mueller tube is to count the number of medium energy electrons and pro- 
tons passing Sheva. Together the instruments weigh about 2 pounds and ride 
in a 4-inch square box. 


MICROMETEORITE COUNTER 


The micrometeorite device, developed by the Air Force Cambridge Research 
Center, is to measure the number and momentum (mass times velocity) of me- 
teoric dust particles striking the probe. The entire unit weighs less than a pound. 
It consists of a diaphragm about twice the size of a playing card, mounted on the 
payload skin and a microphone inside the package. ‘The noise of the impact is 
translated into an electrical impulse which is related to Earth. 


MAGNETOMETER 


A 1-pound search coil magnetometer, developed by STL, is the long magne- 
tometer in the payload. It also was developed by STL. It is designed to deter- 
mine the strength and direction of magnetic fields in space. Magnetic field in- 
formation ties in closely with radiation studies. 


ASPECT INDICATOR 


An 8-ounce photoelectric cell called an aspect indicator, developed by STL, is 
to trigger a specific electrical impulse when it “looks” directly at the Sun. These 
‘fixes’? on the Sun should make more meaningful information from the magne- 
tometers and radiation counters. 


OTHER INSTRUMENTS 


In addition to the prime scientific experiments listed, the payload contains a 
number of amplifiers, “logic” units which transform various instrument sensing 
actions into transmittable signals and a command compartment capable of ini- 
tiating some 10 payload functions. Five tiny thermistors will record tempera- 
tures, two outside on the paddles and three within the payload. 

The overall payload weight breaks down into two major headings: structure 
shell and experiments, 40 pounds; transmitter, electronics and power supply, 50 


unds. 

Commands will be transmitted to the payload in a complex multidigit code. 
A command radio receiver—on at all times—will route the inbound signal to a 
command box which will unscramble the signal and close circuits to execute the 
desired command. 

The probe carries one 5-watt ultrahigh-frequency (UHF) transmitter which 
on command, becomes an amplifier for the 150-watt transmitter. Both are hooked 
to all instrumentation but only one transmits at a time. The transmitters will 
send on 378.21 Mc. 

When a transmitter is not operating, all of the experiments aboard will continue 
to function and their findings will be stored in small electronic accumulators or 
memory units. These work much like the total mileage register of a speedometer 
in that they record a given experiment’s total action. When payload radio trans- 
mitter is turned on, the totals are transmitted first, then the transmitters start 
sending experiment functions as they occur. 


TRACKING 


A number of U.S. tracking outposts around the world will take part in tracking 
this satellite but principal command and data reception points are: 
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Jodrell Bank, a 250-foot parabolic tracking dish plus helical antennas at Man- 
chester, England, operated by the University of Manchester. This station has 
both payload command and telemetry receiption capability. 

Millstone Hill, N.H., an 85-foot parabolic dish, built and operated by the 
Lineoln Laboratories of the Massachusetts Institute of Technology. This station 
will be used for telemetry reception and initial launch radar skin-tracking. 

South Point, Hawaii, a 60-foot parabolic dish and helical antenna, operated 
by STL. This station will be used for commands and telemetry reception. 

Singapore, Malaya, small antenna arrays, operated by STL. It will be used 
for telemetry reception. 

Atlantic Missile Range, Cape Canaveral, Fla., a variety of antennas which will 
be used to send steering commands to the second stage during launch. This 
station, operated by STL, also will be used for early data reception. 

All of these stations will be linked on a teletype circuit, the control point of 
which is STL’s Space Navigation Center in Los Angeles. 





{From the Washington Evening Star, Mar. 11, 1960} 


Untrep Stares Puts Sate cute in Sun Ornpit—90-Pounp Pionepr Driven 
Avort BY THor-AsBLe—Rapio Exprectep to Senp VALUABLE SoLarR INFoR- 
MATION 


Cape CANAVERAL, Florida, March 11 (AP).—The broadest study ever under- 
taken in deep space was successfully started today with the launching of a beach- 
ball-sized package of instruments into orbit around the Sun to report on condi- 
tions between Earth and Venus. 

The 90-pound, 26-inch payload was lifted from this missile test center by a three- 
s Thor-Able rocket at 8 a.m. 

hree hours later in Washington scientists of the National Aeronautics and 
Space Administration announced the 165,000 pounds of thrust used to launch 
the probe had pushed it outside the Earth’s gravitational field and into an orbit 
that will take it 74.7 million miles from the Sun at its nearest approach. Plan- 
ning had been aimed at an approach within 67 million miles. 


WILL RADIO DATA 


The probe, named Pioneer V, is intended to radio back data on such phenomena 
as radiation, magnetism and micrometeorites, from distances up to 50 million 
miles and—scientists hope—for le 

The information on conditions is needed for the day when man may fly to the 
far reaches. The communication test is a check on whether Earth can keep in 
pon with such a man or with the unmanned satellites that will blaze a trail 
or him. - 

NASA officials said just after 11 a.m. that, the payload had been freed from 
the rocket at a velocity of 24,869 miles an hour. That was 575 miles an hour more 
than. the speed required to put the space flyer in orbit around the Sun, and within 
150 miles of the planned velocity. 

The Washington scientists said the route of Pioneer V would take it 18 million 
miles closer to the Sun that the orbit of the Earth. 


THREE HUNDRED AND ELEVEN DAYS TO CIRCLE SUN 


They said it would make its closest approach to the Sun in its first swing around 
the Sun about 5 months from now. 
The scientists said that Pioneer V would take 311 days to make a complete 
circle around the Sun. 
means the probe is in a slightly broader orbit than had been planned, 


The original plan envisioned an orbit requiring 295 days. 
Four hours after the launching, NASA reported the was 42,460 miles 
from the Earth and apparently operating normally. telemetry showed 


that two of the four paddles to pick up solar energy to power the transmitters 
had locked into place. There was no indication of any wobbling or tumbling. 
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COST PUT AT $12 MILLION 


In answer to questions NASA officials estimated the overall cost of the project 
at $12 million to $14 million. 

Ten minutes after the launching of the 90-foot Thor-Able rocket from this 
missile test center it was announced that all three stages of its 165,000-pound 
thrust engine fired successfully. 

Then in another 10 minutes scientists reported that ground stations were 
tracking the probe normally. 

By far the most powerful radio ever sent into space was aboard the sphere to 
relay the data back to Earth. 

Dr. Adolph K. Thiel, project director for Space Technol Laboratories, 
reported the payload was separated exactly on time by a ground command from 
the Jodrell Bank tracing station. 


SIGNALS OPERATING 


Dr. John Lirdsay, head of the space agency’s solar physics program, reported 
that a 5-watt transmitter, smaller of the two sets aboard—began sending signals 
exactly on schedule 281.5 seconds after launchi 

The other transmitter aboard is an ultrahig uency 150-watt set designed 
to relay information from as far as 50 million miles in space, on signal. 

The larger transmitter will not begin o ting until the probe is about 5 
million miles from Earth. Dr. Lindsay said this may be 30 mn from now. 

Dr. Abe Silverstein, Director of Space Flight Programs for NASA, said all the 
radio telemetry channels were working successfully. He called it a ‘“‘very suc- 
cessful firing.” 

Dr. Homer E. Newell, Deputy Director of Space Flight Programs, said Pioneer 
V would gather information much the same as that provi by satellites such 
= aan VII, which follows an orbit in the part of space traveled by the 

darth. 

Dr. Newell explained that the Earth in effect carves a hole in the Sun’s corona 
or solar nebula. 

PIERCES RADIATION BELT 


Between this giant cavity in the corona, cut by the Earth’s orbiting, and the 
undisturbed solar nebula is the rous radiation area discovered by Dr. James 
Van Allen and now known as the Van Allen radiation belt. 

Dr. Newell added that in the 151 days it takes the probe to reach its perihelion 
or closest point to the Sun, other satellites will be launched. They will take 
measurements to be compared with those of the solar probe. 

He said that if Pioneer V should detect a magnetic effect or a cloud of particles, 
the scientists would want to learn whether and when these reach the vicinity of 
the radiation belts or of the Earth. 

Maj. John Richards, Deputy Director of the Space Probe Division of the Air 
Force Ballistic Missile Division, Inglewood, Calif., said the launching rocket per- 
formed almost exactly as planned, with the first and third stages burning within 
1 second of the planned time and the second stage within a tenth of a second. 

Velocity was planned for 36,600 feet a second and that actually obtained was 
36,480 feet a second, only 120 feet a second off—‘‘well within the tolerance of 
the project,’” Maj. Richards said. 


DELAYED 2% HOURS 


The launching was scheduled for yesterday but was postponed 24 hours be- 
cause of fueling difficulties. The count proceeded perfectly today and the rocket 
lifted off on schedule. 

The United States hoped for success to bolster its position in the space race 
with Russia. The Soviets took a long lead last fall with their two spectacular 
Moon shots. Since then, the United States failed in an attempt to orbit a 
satellite about the Moon. 

Although today’s shot has been widely called a “Venus probe,” it would not 
come within several million miles of that planet in the foreseeable future. How- 
ever, it was designed to explore conditions in the orbital path of Venus. 

The launching could be a forerunner of an effort actually to put a satellite 
around Venus when it is in a favorable position next January. 


- 
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TWO OTHERS ALOFT 


Pioneer V joins two other satellites which are orbiting the Sun—Russia’s 14- 
ton Mechta and America’s 13-pound Pioneer IV, both launched early last year. 

The newest probe will penetrate closer to the Sun than either Mechta or 
Pioneer IV, neither of which came nearer than 91 million miles. 

Pioneer IV holds the current interplanetary communications record. Track- 
ing stations remained in contact with this probe to a distance of 407,000 miles 
before its batteries went dead 82 hours after launching. Pioneer IV did not have 
solar cells. 

Pioneer V, in addition to its radiation studies, will observe meteorites and dust 
Ss in solar space. And it will collect data on the Sun’s ultraviolet and 

-ray regions, which when correlated with the plasma and meteorite informa- 
tion, should give a clearer picture of terrestrial relationships. 

Another mission is to make more accurate determination of the astronomical 
unit (AU), the basis for measuring distances in the universe. 


USE BASIC LAWS 


Up to now, these distances have been computed through basic laws of physics 
governing bodies in motion and plotting positions against seemingly stable, dis- 
tant stars. The unit of measurement is the AU—the mean distances between 
Earth and Sun, or approximately 93 million miles. 

The AU is believed to be accurate to only plus or minus 50,000 miles. By 
tracking the payload launched today, scientists should be able'to make triangu- 
lations with the satellite, the Barth and the Sun and come up with a more accurate 
measurement. 

This is the first attempt to place’a solar satellite inside the Earth’s orbit, or 
between Earth and its ialpientl neighbor. 

Mechta and Pioneer IV are in orbit between the Earth and its outboard 
neighbor, Mars. 

Providing NASA with technical assistance on today’s probe were the Air Force 
Ballistic Missile Division, Space Technology Laboratories, and more than 50 
scientific and industrial organizations and universities. 





(From the Washington Post, Mar. 13, 1960] 


Pronger V Passes Moon, Raptos Srrone Stenats Back To Scientists 
(By Joe F. Kane) 


Pioneer V sent back strong radio signals last night, indicating a topflight per- 
formance as it jabbed steadily through the sea o a epnen 

Scientists said the beachball-size sphere wo be 292,080 miles from the 
_ by Saturday midnight (e.s.t.), clipping along at 6,219 miles per hour. 

, the Earth’s magnetic attraction still was slowing the sphere’s 
soa ts velocity was 24,869 miles per hour Friday morning when it kicked 
free of the rocket that had lofted it: from Cape Canaveral, Fla. 

Information being relayed back from the newest U.S. space probe was being 
accumulated in tape form to be analyzed later by scientists. 


STUDY TIME NOT SET 


A spokesman for the National Aeronautics and Space Administration said 
space experts had not set a definite time for the start of their study on Pioneer V’s 
relays. In the past, such information has accumulated for several days before 
scientists have begun to analyze it. 

ASA gave these estimates on the space shot’s progress. 

At 4 p.m., e.s.t., yesterday, 238,730 miles out at 6,366 miles per hour; ae 

263,980 at 6,290; 4 a.m. today, 313,730 at 6,172;.and 8 a.m., 3 {290 at, 6,127 

pace Technology Laboratories, ‘Ine., at Los "Angeles said its tracking equip- 
ment a chinned Pioneer V passed the orbit of the Moon at 3:30 p.m., e.s.t. At that 
time the satellite was 236,000 statute miles from the Earth. 

The laboratory said the satellite was outward in space, from the point where 
Brazil, Uruguay, and Bolivia intersect—about 1,000 miles west of Rio de Janeiro. 

Britain’s huge radio-telescope at Jodrell Bank picked up Pioneer’s steady 
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whistling signal yesterday as the sphere soared across British skies. One scientist 
described the signal there as ‘“‘a nice steady tone * * * loud and clear.” 

The British gos watchers reported a minor error in the rocket’s predicted 
course, but said it was so small that it was virtually negligible. No specific 
information was available on the nature of the error. 

The space probe’s tiny radio transmitters began sending signals down as soon 
as a Jodrell Bank scientist snapped on a control button. Information received 
at the British station will be forwarded to Washington to be fed into NASA 
computors. 

The Jodrell Bank station plans to continue its brief daily watch until July, 
when Pioneer V is expected to be about 50 million miles from Earth. 

Radio Moscow told Soviet listeners about the launching of the American 
satellite, but made no comment on its success. 

(The feat was relegated to the back page of most Russian newspapers, United 
Press International reported. Headlines stressed that Russia was far ahead of 
the United States in the weight of its solar-orbiting sputniks.] 

Pioneer V is the first satellite fired toward a solar orbit inside the Earth’s. 
Its orbit will touch the Earth’s path and swing to within about 7 million miles of 
Venus’ smaller orbit. Its ‘“‘year’’ around the sun will be about 311 days. 

Miniature scientific instruments inside the sphere include two radios—the one 
operating now and a second one designed to send back information from as far 
away as 50 million miles. 

The probe is investigating the space area between Venus and the Earth. The 
parte ‘ quant 93 million miles from the Sun. Venus is about 67 million miles 
rom the Sun. 





[From the New York Times, Mar. 15, 1960] 


PrioneER Stcnaus Loup anp CLeaR—SATELLITE InN SuN Orpit Passes 500,000- 
Mite Marx Wits Instruments Doinc WEL 


WasxHineton, March 14.—America’s second Sun satellite passed the 500,000- 
mile mark today in its flight into deep space between Earth and Venus. 

The 94.8-pound Pioneer V long since had broken the radio communications 
record of 407,000 miles set by the first U.S. satellite of the Sun, Pioneer IV. 

The National Aeronautics and Space Administration said the sphere would be 
574,534 miles from the Earth at midnight and 644,430 miles at noon tomorrow. 

At noon today it was 504,095 miles out. A rough calculation indicated it would 
complete the first 1 million miles Friday, a week from the day it was launched at 
ae Canaveral, Fla. 

ioneer V’s tiny 5-watt transmitter was performing perfectly, the agency said. 

An official who heard its voice relayed by long-distance oa from a tracking 
station said it was a high-pitched, sustained tone unmarred by static. 


REAL TEST TO COME 


In addition to providing a tracking signal, the satellite’s transmitter was peri- 
odically relaying information on command about radiation, charged particle 
clouds, magnetic fields and micrometeors in space. 

The 26-inch sphere is the first to be fired into a solar orbit inside the Earth’s. 
Pioneer IV, launched March 3, 1959, and the Soviet Union’s Mechta, launched 
January 2, 1959, are in solar orbits outside the Earth’s path around the Sun. 
Neither carried long-lasting radio equipment. 

Pioneer V’s communication power will not get a real challenge until the sphere 
reaches about 5 million miles from Earth. Then, by radio signal from the ground, 
its 5-watt voice will turn over the communicating job to a 150-watt transmitter 
that is expected to get signals through to Earth at distances up to 50 million miles. 

The satellite will reach that distance in about 5 months, shortly after it makes its 
closest approach to the Sun. It then will be about 74,500, miles from the 
Sun and 6 million miles from the orbit of Venus, the Earth’s nearest sister planet. 

Indications were that Pioneer V’s cells, mounted on four vanes resembling a 
paddlewheel, were doing a perfect job of extracting electrical energy from sunlight. 

When the sphere is millions of miles away, the 150-watt transmitter will depend 
on these solar cells to recharge its batteries during long lulls between broadcasts. 
The closer to the Sun Pioneer V goes, the more energy the vanes will produce. 
Rocket experts were hourly more impressed with the performance. 


iva ne ASN peter asec 


232 RADIO FREQUENCY CONTROL 


[From the Washington Post, Mar. 19, 1960] 
PionEER Ostys Orprers, Senps Data Minui0on MILEs 


The first batch of scientific data from a point in space a million miles away was 
radioed to Earth from Pioneer V in a dramatic demonstration here early yesterday 
morning. 

At 2 a.m., the 94.8-pound paddle wheel space probe, eek putting distance 
between itself and this planet, was ordered to send back the information its 
instruments had stored in its tiny magnetic memory. 

Within a matter of seconds, the signal came through loud and clear over the 
loudspeaker at the Washington headquarters of the National Aeronautics and 
Space Administration. The wavering squeal was unintelligible to the handful of 
officials, newsmen and television crews, but technicians at the Space Technology 
Laboratories in Los Angeles decoded it in a few minutes. 

Although Pioneer V has been sending back data regularly since it was launched 
March 11, the information transmitted yesterday was the first to be released. 

Four radiation counters had tallied totals of 374, 569, 49, and 149 counts. 
Officials said it was too early to interpret these numbers, but said they were not 
unusual. The micrometeorite detector had counted 87 light impacts and 5 heavy 
ones. This, too, was about the number expected. 

The temperatures measured came close to the design values—68° F. inside 
Pioneer V and 27° in the solar cells mounted on the four paddle wheels. These 
cells are converting sunlight into electricity to charge the batteries in the unit. 

The data sent down on magnetic field measurements showed this equipment 
also was operating satisfactorily. 

The “‘telebit’’ memory is storing 10 kinds of data and can count as high as 1,028 
on each of the 10 channels. After it reaches 1,028, it starts over again. 

Although Pioneer VY has now gone more than a million miles away from the 
earth, it has actually traveled more than 10 million miles. 

Pioneer V is moving in the same general direction as the Earth, but it is heading 
in toward the orbit of the planet Venus. Venus and Earth move round the Sun 
like two cars around a racetrack, Venus along the inner rail (67 million miles 
from the Sun) and the Earth along the outer rail (93 million miles from the Sun). 

Pioneer V will come within 8 million miles of the inner rail when it gets halfway 
— the track. It will then swing out to the outer rail during the rest of the 

rst lap. 

It will repeat this every 312 days but it is not expected to get close enough to 
the earth to hit it for at least 100,000 years, according to the initial estimates. 

T. Keith Glennan, Director of NASA, gave the signal for the _ historic 
transmission yesterday. 

Chairman Overton Brooks (Democrat, Louisiana) of the House Space Commit- 
tee, who was also present, hailed the oeceasion as “‘historic.’’ Brooks, who sat 
aoe ee Gam during the transmission, said “the results are fantastic, almost 
unbelievable.”’ 
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